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PREFACE 


In preparing' this treatise I h^ve attempted, with the help of Mr. Oladwyn, to 
set fgrin and compare the various items^ of cost in the different processes of 
steel manufacture of any 'fcornmeicial importance. Its perusal, I ho()e, will 
stiw.ulate a closer study of this most essential side of steel manufacture. 

It is generally accepted that where metallurgical and engineering research 
doe« not aim at improving the cjuality and reducing the cost of steel products, 
its businp^s interest to the manufacturer is of little moment. 

Several "standard works on the metallurgy of steel, to which reference has 
been made in^the following pages, deal in some measure with the cost of steel 
manufachire, but so far as I am aware no previous attempt has been made to 
compare systematically the costs of all the steel-making processes, having in 
'vieWftheir metallurgical and engineering significance. It is my belief, as the 
outcome of several years’ experience in the construction and management of 
mo(Jern steel works, that the fa^ts given hereiii will be welcomed by steel 
manufacture's, n?anagers, engineers, metallurgists, chemists, draughtsmen, and 
all others who are interested in the efficient eipiipment and control of steel works. 

Information and datq' of practical use to 'steel makeis generally are given, 
including 

1. The analyses and costs of iron ores, pig irons, refractory materials, fluxes, 
ferrO-alloys and fuels, all of which are principally arranged in tabular form for 
eas/-reference. 

2. The coi? 5 iposition of charges for different classes of steel, with particulars 
of the finisl\i,ng additions-required. 

^3. Details of the construction, arrangement, and cost of furnaces and plant. 

n\. .Metho'ds of hsseinhling steel works’ costs and details concerning the value 
of labour and the" costs of Jiving in various industrial countries. 

Itjs, howiiver, particularly desired to emphasise the importance of the study 
of costs in ste^l manufacture to students of metallurgy. A systeinatic treatment 
of the subject, not jpnly as applied to iron and steel, but to all metals worked 
commercially, might be; introduced as part of the metallurgical course at univer- 
sities and other educational institutions. The subject has already received some 
attention in the high schools of Germany and in the U.S.A., and I was pleased to 
Ican^from Dr. Hamerschlog, while on a recent visit to the Carnegie Technical 
IiiStitute, Pittsburg, H.S.A., that the importance of ^teaching students the, 
money value of iflaterials in the raw and manufactured states, together AvJth 
their physical arid chemical valuds, ^’as being recognised. 
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PREFACl 


\yien consideration of the cost of^ producing iron ores, pig inon, retractory^ 
materials^ fluxes, ferro-alloys, steely e^c., is carried on simijjtanepusry with the 
stu(Jy of ^he analyses, qualities, and* uses* of thjese materials f when the^cqst of 
furnaces and their maintenance* lA'e*npl^ witlf.the facts of their design and* 
op®ratioi ; and wlien questioi'l relating to the v31ue, classification, hours, and 
payment oWalJDur in-different ^t^el-mgking countries <ire taught frk conjunction 
with the*meth(?ds of manufacftfre eflijilowd? the reMt is 'itowitd ito* be of great 
practical value V> the student when he ^sses from thg Itfcfure »room to the 
laboratory and the works. 

In the preparation of the prescrfi volun’jJb.YaViable^ holp has been obtained 
from the works of Hniold^ Bdil, Campbell, TTarbord, Steab', Wedding 

and other gentlemen, to whom reference is made^ the text. « 

I desire, with IVlr. Gladwyn, to thank the Council' of’ the IrOn ai!d^ Steel 
Institute, the Editors of “The Iron and Coal Traded Review, The Iron Age,” 
“ I’he Foundry,” “ The Foundry Tiade Journal,” “ Stahl und Eisen,” and ethers 
for the use of illustrations, etc.; Dr. Cooper, President of the Iron and Steel 
Institute, Mr. Benjamin 'Palbot, Mr. Twynam, Dr. O. Petersen, Mr. E. Wide^ind, 
and many others who have furnished details regarding British, American, and 
German steel w^orks practice. 

I wish to record my indebtedness to Sir Robert A. Hadfield, F.R.S., for the 
incentive he gave me, while I was engaged at his works in She^li^d, to*prosecute 
the study of steel ; and to Sir H. Frederick Donaldson, *R.('.B , President of the 
Institution of Mechanical Engineers, for inspiring the study of the ecojiomicf 
value of labour, its classifx:ation and standardisation, when seiving under him in 
Woolwich Arsenal. 

DAVlDf CARNEGIE. 

London, 

April, 1913, 


PREFACE TO SECOND EDITICHN 

With the exception of an additional Chapter on thi5 “ Devljloijiment oT Electric 
Steel Manufacture in Canada,” no changes have been made to the^rst Edition. 
It was intended to make several important additions, but war \vork has mad^ 
this impossible. 

It is most gratifying to Mr. Gladwyn and myself to know that “ Liquid 
Steel ” has found its way to so many continents, and thSt in progressive Japan 
it has had a large sale. 

DAVID CARNEG^^. 

Ottawa, Canada, ^ 

January, 1918. 
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CHAl'THR I 

LXTRODrClION 

• 

The iises of steel are so numerous that the eiemand for this material for railroads, 
steamships, Jjridges, and structural work of all kinds has increased with amazing 
rapidity diJrir%" recent years. Steel is gradually replacing cast iron in all branches 
of engineering. In almost every sclieme with whicli the engineer has to deal, 
rolled, cast or forged steel, in one form or another, is required. 'J’he large 
incrcasa in*the demand has called for the development of old processes and the 
establishment of new ones, in which iron ores, foimerly considered too impure 
for usd in steel manufacture, are now being utilised with satisfactory results. 
This has led to an increase in the number of work% producing steel in Britain, 
i but more particularly on the contiiwnts of Jsurope ^nd America, and m other 
countries wherp it has been found practicable and* commercially economical to 
use local ores. • • 

The following particulars’ give some ide% of the develojiment of steel 
manufacture during the yeas mentioned . — 


Output of Lnc.ois in the World, 1880-1910. 



Vo-u — 1880 

l8(yO 

I.,H, 

1910 

United Slates America. . .• 

, r, 175,119 

4,202, 103 

io,o82,9(f5 

25,917,281 

(lermany 

760,000 

2,161,817 

6,510,215 

• 1.5,515,437 

Unit(^l Kingdt>m. , ^ , 

1,295, 

3,576,043 

4,901,058 

6,010,684 

1 ranee •. • . . . 


688,991 

1,565,11)4 

3,391,517 

Russia • . 

307,305 

372,625 

2, 186,399 

3,2^9,616 

Austria- Hungar)* . 

134,218 

499,600 

1,145,654 

2, 136,203 

Bel^num*. 

132,052 

236,226 

654,827 , 

1,892, 160 

Canada . . . • . 

-- 


23,954 

803,600 

[.‘•■‘'y •• • • 


157,899 

115,887 

635,000 

Sweden 

30,013 

100,026 

298,483 

468,600 

Spain •. 

— 

— 

150,734 i 

219,500 

Other countries 

• 

— 

400,000 

315,000 

Total ... 

4,218,715 • 

12,058^30 

28,035,280 

58,314,598 


Competition. — Ttie establishment of steel works in different countries tias 
led to serious livalry and competition between the manufacturii^g nations. 

’ Presidential Address "Journal Iron and Sled Institute,” 1912, I,*pp. 48 and 4^ 
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Whei% sources of ores have been found and steei iiiaiiuiaLLuicu m cuumnos 
whQjre all its requirements for steel had" been previously •supplied from the older 
established steel-making centre^, of industry, ^]ie supply ffbm the latter has 
necessarily decreased, or the prices Ime^bcen feduced to meet the competition 
arising from the new source ol^^supply. In any case, as a result of the increased 
supply, selling prices have been reduced .to "'maiuta^n trade, necessitating con- 
siderable economies in labour/* n*w,ra[atepajs, fuel, <po\^er, etc.^^n all, the processes 
of manufacture/ ^ # 

Modern Plant.r— In some- of the old-established stee! wo^ks in England,’ a 
complete reorganisation has been carried outf and modern plant kitroduced, in 
order to meet German and Belgium compel, ition in our own markets. Much, 
of couise, has been written a'^oOut the imposition of tariffs, ‘with tl?b object of 
checking the surplus supplies of steel from the Continent at prices below which 
we cannot manufacture with a profit at home, but it is somewhat doubtful whether 
tariffs would prove to be entirely effective. Eronvour experiojicg^ of Conrtnental 
and American steel works practice, we are convinced that works and plant refoim 
will be largely eflective in meeting all foreign copipotition. • 

Cost of Steel Making. — Modern plant is not the only requirement in pro- 
ducing steel cheaply ; the cost of labour, raw materials, fuel, power, freight^ etc., 
vary considerably in the different countries, and influence the final qpst of steel. 
The natural resources, also, of one country differ from those of^tlfbrs, giving 
certain advantages over the less fortunate countries. Considering, however, the 
costs as a whole, it is generally found that where the processes employed are the 
same, the final cost of production varies only slightly in cdifferent cgiuntries. 
What does materially influence the cost of steel produced is the employment of 
that process which is most suited for the classes of raw material and fu^ avail- 
able for the manufacture of(*he product required. Tor instance, the use of the 
immense native phosphoric ore deposits of 6Ieimany was only made possible by 
the introduction of the Basic process. , 

With the object of comparing the values of the various kit)wn processes, we 
have set forth briefly the meritscof each in the succeeding chapters, together with 
the details of costs of plant, working costs of matiufacture, and methods of 
assembling costs. * . 

The following considerations have been kept in view in comparing similar 
processes : — • 

^ I. All items of cost of manufacture are included up to that stage where the 
liquid steel is ready for use. 

2. The steels produced in similar processes confoim to the same standard of 

tests, i^nless otherwise stated. ,* 

3. The §ame outputs are taken during like periods. 

4. The cost of raw materials, fuel, power, labour, elc.,,for like p|OC#sses are 

, taken at the same market values. • ^ 

There are, of course, other items of cost which are included ifl the complete 
summary of costs, some of which vary according to the plant j!sed, local con- 
ditions, and the methods of management adopted. ^ 

Processes of Manufacture. — While many types of fuiilhces are used in steel 
manufacture, the processes are limited to the following^. — 

1. Crucible. 

2. Bessemer. 

3. Open Hearth. 

4. Electric. ‘ 

c The scope and usefulness of the furnaces in each process are limited in sorhe 
measure by the weight, quality, and rate of output of the product. 

1. Crucible Rrocess. — Crucible furnaces are used*as a rule for the manufacture 
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(jf all classes of tool steel, and for light castings of higher quality than are obtained 
from the other prc^sses, except* perhaps in ^he electric furnace, where the qilhlity 
of the output can be regulated accord kig to* tht purity of the maieri^s melted. 
The output is necessarily comparatively small, as tl^ average capacity of crucibles 
is from 6b to loo Ihfs. each, and tli£ castings ma^l^from the steel var^fr?)m a few 
ounces in weight to 50 or j^o*lbs. Usually the iqgots of tool steel are^of such 
weight as is giuen^ the coftfents of»ei^h cnicibM. There are^ iftstances, how- 
ever, where tkis pfJcess is employed for mating large ingots of steel for ordnance 
work. A few years ag^ we jvifnes^ed, at the works of Messft. Krupp, of Essen, 
the casting pf an 80-ton ingot from jg;eel meUeti in crucibles. Several hundreds 
of crucible^of steej were melteS al^the same tipie, the contents of which were 
poured in quick successton into the ingot mould. This is, perhaps, an exceptional 
instance of the use of the crucible process for such a heavy class of work. 
Nevertheless, it is a daily practice at the works of the Crucible JSteel Co. of 
America, to male e*high-grade* steel ingots for projectiles and other work, each 
weighing about 1500 lbs., from crucible furnaces melting steel in loo-lb. 
crucibles. • 

These instances show that although the scope of the process is limited, it is 
used in some works for the manufacture of steel ordinarily produced in furnaces 
whose capptities admit of handling largei (juantities more easily. 

Different I'orms of furnaces are illustrated, in which are used ; various fuels, 
such as coal, coke, oil, coal gas and natural gas, with natural and forced 
draughts; 4:rucidles of different siiapes and qualities; and various linings. In 
the nuiiTerous design^, however, there has been no important de[)arture from the 
principle underlying the process originally carried out by Benjamin Huntsman 
at Sheftield, which is essentially one of melting, although slight chemical changes 
take place in the materials during the operation. V 

Ii> Part I, where this process if described, the xosts given are taken from 
furnaces actuary ^t work, and are fairly' representative of modern practice at 
home and abroad. 

2. Bessemer Process.—In Part II we discflss the merits of the Bessemer 
Process. Thi# process stands mit quite distinctly from the (Vucible, Open- 
hearth and Electric Processes. 'The great importance of the revolution Bessemer 
madejn the manufacture of steel can be appreciated when a comparison is made 
between the outputs and costs of steel produced before its introduction and those 
recorded for the different steel-making countries now. d'he princiiile of the 
process is well known, but is none the less wonderful as an important and far- 
reaching discovery. , • 

Many types and sizes of converters are used, having capacities ganging from 
a few cwts. to several tons. 

Th(f sitte-blown tyfe of ednverter, known by different names, is used princi- 
pally for charges nof exceeding 3 tons of steel, and in this size it is fdund to 
be^ in *most (jountriea^ very suitable and economical for steel ^foundry use. 
Sometimes one,*two, or more converters are arranged side by side in one foundry, 
and by the use of ^em together, castings well over 10 tons in weight can be 
produced. , 

Converters of the bottom-blown type, having small capacities from 2 tons 
upwards, are also used in steel foundries, but they do not appear to be so popular 
as the side-blown converters. • , 

Itf large steel works producing steel ingots for rails, stryctural materials, etc., 
the side-blown converteps are not used. Bottom-blown converters with capacities 
up to 35 tons,^ or else some form of open-hearth furnace, find most fjwour.* The 
various types oT converters and* thoir uses, together with the costs of steel 
* “ Institute,” 1912, I, p. 44. 
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nianufaclured in them, are described ,;ind compared with the other processes 
doii% the ^ame kind of work. Several typical Arrangement^^of works in which 
Bessemer stee’ plants are used,»aie described ai^d illustrated. 

3 . Open-hearth Process.-i-We include in Part III, under this heading, all 
forms of open-hearth furnacb's, also gas-producers, mixefs, furnace-charging 
machines, and other appliances ^used, in connection'' ^ith the^furnaces. It will 
be observed that many modffications hi've been fhade in tjie design of open- 
hearth furnaces since first introduced by Sir William Siemens and his brother 
Frederick. There Hre fixed and movable furnaces of numerous types and sizes 
used in different works. Their use in steel foundries is not, perhaps,, so common 
in some countries as that of t[ie side-blown Bessemer, plants, although open- 
hearth fur. aces with capacities varying from a few c\(‘ts. up to 25 tons are 
employed with satisfactory results. 

Opcn-heaith furnaces of the fixed type are not usually made above iqo tons 
in capacity, but tilting furnaces of the Campbell oCWellman type are made for 
use of steel manufacture by the Talbot process up to 250 tons capacity. The 
various types of furnaces are described, and theii uses discussed and compared 
with each other and with Bessemer furnaces. Details of the costs of producing 
steel from the different types of furnaces arc given. The values of acid and 
basic linings are also considered. 

The duplex processes, in which the Bessemer converter and the open-hearth 
furnace are used jointly, and also in which open-hearth furnaces are used together 
with electric furnaces, are also described. ‘ • 

The arrangements of O.H. furnaces and the accompanying equipfnent of 
steelworks in relation to the blast furnaces and mixers, from which the supply of 
hot metal is obtained, together with details of casting shops, are describe and 
illustrated. ^ 

4 . Electric Process. — Part IV the various types of furnaces described 

show what has been done and what is being done m steel mal^ng’by the use of 
electricity. Many experimentalists arc carrying out researches with the object 
of producing steel more econo*fnically and of better quality with the electric 
furnace than by any other steel process. Wo» do not see why tfie use of this 
furnace should not be extended, but it is a fact that even with cheap power in 
the U.S A. and Canada, other types of furnaces are preferred. Many important 
firms have installed electric furnaces and are obtaining satisfactory results from 
them. From the details of costs we have given it will be seen that the furnace 
has an important place in the manufacture of steel such as is now being produced 
in the crucible p’^ocess. , 

Tlie furr\aces are classed under the following divisions 

1. Arc Furnaces, 

2. Induction Furnaces. 

3. Arc Resistance Furnaces. 

4. Combj/ied Arc and Resistance Furnaces. 

5. Resistance Furnaces. 

These various types are described and compared, andrfhe working costs of 
those actually in operation, together with the costs of s(_eel produced, are given. 

Raw Materials. — The iron ores, fluxes, fuels and manufactured raw materials 
for use in steel making to which we have referred, are not by any means dealt with 
in an exhaustive manner, our principal bbject being to bring out the commercial 
values of the materials used in the processes described rather than their ch’femical 
aqd physical values, which are found in standard wo^ks^on Metallurgy. As, 
however, the chemical and physical values have an important bearing on the 
cost of the materials, the analyses and compo^tion o( the charges have, as a rule, 
been ‘given, as well as the costs. 
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. The analyses of the materials and compositions of the charges should be 
regarded as typical only. Nimcrous variations in these respecls^are ftiade 
according to the k^nd of procef^of stepl maiiuftic^ure employed aii^i tl?e cheapest 
dnd most suitable materials avaitable. The pricej^ we have given are subject, to 
variation, but can be taken as cofryiarative and .'Mirage standard prices.* 

Labour.— -As the cost 9^ I?lbour is an Jmporti^nt item in steel manyfacture, 
we have attemptetl,to compare the cost* of laboTir'ftnd living in th& leading steel 
manufacturing coifi^ries of the worM. ^ Tht statistics given have been obtained 
during personal .visits* to the* countries in question, and from other reliable 
sources of information toVliich references are*madc in the text. 



CHAPTE?. 11 

MATERIALS USED IN STEEL MANUFACTURE 

. * . Cl . ^ 

Most of the materials described in the following sections are employed, in some 
form, in all the processes of steel manufacture. The principal sources an^ out 
standing characteristics of the raw and manufactured materials used are briefl) 
described in the following sections, which include : — 

1. Oies. 

2. Pig Iron. 

3. Refractory Materials. 

4. Fluxes. 

5. Fuels. 

6. Ferro-Alloys. 

In Section V on Fuels, reference is made to methods of generating electric 
power and also to its use an(j commercial value in steel manufacture. 


SECTION I 

IRON ORES 

Few processes of steel manufacture convert the ores direct *into steel, the 
usual stages being — 

I. From ore to pig iron. ^ ' 

, 2. From pig iron to bars (by puddling and rolling), for use principally in the 

crucible process. 

3. From pig-iron to steel, cither by the Bessemer or one of the open-hearth 

furnace processes. ^ 

4. From^pig iron to steel by partial conversion in the Bessemer converter 

and finishing in the open-hearth or electrio furnac^. ^ r, 

5. From pig iron to steel by partial conversion in the open-hearth furnace 

and finishing in the electric furnace. * 

In the foregoing methods, steel scrap previously made from j^ig iron is used 
again in various proportions in the different furnaces for rem^lting. Also certain 
proportions of ores are used in the open-hearth processes Tor the oxidation of 
impurities. 

Deposits of Iron Ore. — The deposits of wes are very numerous and vary 
considerably in character and extent, v The increasing demands for iron and 
steel have encouraged explorations, the records of which show that the irpn ore 
resources of the world are almost inexhaustible. We give below the following 
suhimary of the w'orld's iron ore reserves as given in one of the papers* 
presented at the Eleventh Annual Internayonal Geological Congress, Stockholm, 

* O 

e * Iron Ore Resources of the World.” Stockholm, 1910. 
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rgio. The figures in the column headed “Potential Reserves’' include low- 
grade deposits, ety The columns headed Iron ” give the amounts of mekillic 
iron in the ores. 


'tarle^ I 

SummarV World’s Ir^n J'Ilservks (in million n^etric tons) 


• 

Actual Reserve'. 

I Potential Reserves. 

Continent. 

» 


I 


Ore. *• 1 

1 Iror^t • 

1 Ore. 

1 

1 Iron. 

Europe . . • , 

12,032 

4,733 

1 

41,029 

12,029 

AmeMca . ■ ». ». 

• 9 e '^55 

5.^54 , 

8i,S22 

40 , 73 * 

Australia 

1 136 

74 

69 

1 37 



260 


457 

2S3 

Afiica 

• 125 

75 

Much 

Much 


Analygoe of Iron Ores. — Oxide of iron forms the chief constituent of iron 
ores which ate of any commercial value for iron or steel manufacture. Iron 
ores are always associated with other minerals when found in the eaith. The 
yield of ircyi frofti ores differs considerably. In the following table, in which are 
given ailalyses of tRe principal iron ores, the percentages of metallic iion obtained 
from the ores are also given. It will be observed that the yield of iron vaiies 
fiom 25'8 per cent, to 66'6 per cent, in the oies tabulated. The ores richest in 
iron are the hematites and magnetites, but evenVith these there are poor 
qualities, as will be noticed in compelling the analy^^ closely. 

The purity of^n iron ore depends upon its fiecdom from sulphur and phos- 
phorus. The presence of either of thcsi? elements in excess of o‘o2 per cent, to 
o'o3 per cent., is considered injurious m ciucible*steels used for high-speed tools, 
hence the usctof pure ores suchw as arc given in the table under item No. 4, 
which is the analysis of the much-used ore fiom the mines of Dannemora in 
Sweden, used chiefly for the highest qualities of tool steel. 

TIic presence of phosphorus and sulphur in higher percentages, i.e. from o’og 
per cent, to o‘o8 per cent., in steels such as are used for steel castings, structu!;al 
steelwork, rails, plates, and the like, is not so injurious, and hence the use of iron 
ores in which mofe phosphorus and sulphur are found. Recoq^sc is only made 
to the use of impure ores because of the prohibitive cost and limited supply of 
the purer ores. , 

Sin(^ the introduction of *the basic linings in the various steel furnaces, the 
removal of phesphofus from the ores has become an accomplished ftet, but 
before Uiat tinv^ many#orcs, although otherwise valuable, could not be used for 
steel manufactifre. The removal of sulphur is not so easily accoi^phshcd, and 
it is only eliminatec^/rom the iron in a slight degree in some of the processes. 
Research is still required^for the purpose of finding some simple and economical 
method of removing the sulphur from the ores and preventing its return to the 
steel from the fuel used during manufacture. 

Cost of Iron Ores. — The commerciJil value of an iron ore does not depend 
only upon the yield of me^llic iron obtained from it, nor upon its freedom from 
injurious elements, but also on the cost of labour and materials required to hew 
the ore from the earth, on its transit to the furnace, and on the fuel, flu¥, ^hd 
labour required ^in smelting. Scmie firon ore deposits are situated at such a 
distance from iron and steel manufacturing centres that it would cost mpre to 



TABLE II 

Percentage Analyses of the Principal Iron 
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Analyses by ; I, Riley ; 2, Di*: Noad ; 5 and 6, Dick ; 7 and 8, Dick ; 9, Karsten ; 10, Spiller ; 11, Dick ; 12, Spiller ; 13, Colquhoun ; 14, Price and 
Nicholson ; 15, Dick ; 16, Tookey ; 17, Schenck ; 18, Senft ; 19 and 20, Bell ; 23, Dagerfors Iron Works Laboratory ; 24 and 2=;, Oesterreichische 
Alpine Montan-Gesellschaft (Bauerman). 
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mam.fectiire'rr " "'orlli to 

,ii'n to.erect>tosJ furnaces and steel Works'close 

‘ °''® ‘° fti'-oaces is reduced to a* 

deai?e^LSsttfl?wl’th‘i^*""'^“'''‘‘'^® Steel," Sir I. bowthian\?elI 

deals cxhaustivt?ljr with tU^ various ^tems of^ C 6 st involved in^thc fiewinir of 


1873* 

S'o5 tons 


1877 

5*25 tons 


1880 
5'35 tons. 


usecifwls- ‘he powder and oil 

When the selling) 

ptice of iron was) S 3 '- 9"'- per ton ^2 31. li,/ perton ^,'2 3J-. 4^/. per ton 
Nett wages ^er shift ys. 4^.10^,/. 5,^. 

1- P'hxs of Cleveland ironstone per ton of 20 cwts de- 

livered at Middlesbrough as a central point during the following years were— 

’*^ 7 ° ' '^73 1877 1879 1883 

8'*^' 7 ''- 5 r. 4r. 4,/. 

h 8 cwts. Of Clcvclaiid ironstone as received from 

Ion '!!f ^ 'o produce i ton of pig ^.on, the cost of iron ore per 

Ion of pig iron in 1883 was from 16s. 37/. to 17^. 

The prices «{ ores vary very mucN at both 'the mines and the furnaces in 
d fferent parts of the world. The hanlness of the ores in some mines permits 
of only about i ton per man per day being mined, as against s tons or more in 
mher mines. I he cost at the lurnace is also influenced by the cost of frei-ht. 

for^-meUi^^ ^ delivered at the furnaces ready 


TABLE III 


^ Prk es ok Iron Ore, 1910 


Old rau'je 

Lake Superior 


liWange 

( Mesrfoi . . , 

Best Bilbao Rubio (at Eng],’'’h Bt)it) 

! at Westpiiaha . 
at the Rhine . . 

at English N.E. Ports 
MinetteOre” W^'phalia , 

\ at the Rhine . , 


Jlessenier. 

Non-ltebseiiier 

20/ fO 


i9/9-i 

— 

— 

17/6 

— 

16/S 

— 

22/6 

— 

19/- 

— 

0/5 


22/- to 25/- 

__ 

■' 9/3 


9 /ii 


55% 

55% 

515% 

51 5% 

50% 

(>(>% 

66 % 

60% 

34 ■■24% 
34'24% 


* Bell, “Manufacture of Iron and Steel,” p. 647. 

’ “Minfjral Industry;^ I910, p. 416. 

^ “ Iron and Coal Trades Review,” vol. 8r, p. 367, 


Reniiirks 


} 2/l (O 4/2 
extra according 
to situation of 
furnace. 
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Uses of Iron Ores. — Most of th^ irons ores used in steel manufacture are con- ’ 
vertefi first ^into pig iron ; only a very small proportion of tl^ ores is used for 
the direct manufacture of steel <iifd for oxidising* purposes in the opemhearth, 
pro(;esses.^ • , ^ * * 

In igio^the total amount of pig iron produced throughout the world was 
65,860,240 metric tons ; ^ the s^iaj'e taken in the worlds produ(jtion by the three 
important steel-ppducing countries being Jls•follo\^s^— 

United States • , 40*^ % 

Germany . . ... . . . * . .* % 

United Kingdom * . . . 15*8% 


SECTION II 

riG IRON 

The following table gives the amount of ore used by the three leading 
countries, and the quantities of pig non and acid and basic steel produced during 
1910; — • ^ 


TABLE IV 


Ore, Pig Iron and Steel Output during 1910, 



Iron ore 

Ions. 

Pig iron. 
Tons. 

Steel produced. 
ToiiL 

United States ^ . 

Germany * 

Great Britain ^ . 

\ 

« 

5^267,397 

28,231,000 

* M> 979.979 
(1909) 

27,636,687 ^ 
14.793.32^' 

10,380,212* 

• 

26,094,519 

i 3 > 4 ^ 2 ,i 99 

6,010,684 


X 


The annual rate of the world’s output of pig iron and steel during the first 
ten years of the twentieth century increased each year until in 1910 it .was 
nearly double that of the output of 190T. It is interesting to note that some 
couhtries have developed the manufacture of steel much more rapidly than 
others. The most serious outlook is the decline of our own country’s progress. 
In his admirable ^fork on the “ Manufacture of Iron and^teel,” pfiblished in 1882, 
Sir L Lowthitn Bell writes : ® “In an industrial point of view Great Britain 
founded its greatness as an iron-making centre, such as it was in the first tlfree 
decades of the present century, on the least valuable of its’pres. ThP furnaces 
of Wales and Staffordshire for many years were supplied almost exftiusively from 
nodules, and fiwm thin bands of clay ironstones, obtained from the«shales*of the 
coal-measures.” If Sir I. Lowthian Bell were alive to-day he wduld doubtless 
trace our nation’s greatness to its continued use of the ore«* of this and other 
countries, but he would be obliged to admit that the industrial supremacy which 
Great Britain enjo)ed in the decades to which Jie referred, could no longer be 
claimed by this country. From Table V. it will be observed that the U.S.A. 
leads the world’s output, Germany followfng closely, while Great Britain stands 
still. 

' “Mineral Industry,” 1910, p. 3S1. 

**and ® “ Mineral Industry,” 1910, pp. 3, 5, 381. 

* and ^ “ Iron and Coal Trades Review.” v’ol. 82, j^p. 580, 775,* 836. 

* Bell, “ Manufacture of Iron and Steel,” p. 646. * 
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II 


T^BLE.V* 

vyoRLD’s Production of Pig and Steel** 


(111 t^ctric tons, i ^on = 2:^4 lbs.) 

Aft ^ • 


• 

Country, 


Ptg Iron. 

ft 

t 


Sucl 

• 


• 

• 





• 

1901. 


191^. 

1901. 

19^6. 

1910. 


• 


• 

• 


2,154,832 

Hungary / 

1,300,000 

1,403,500- 

2 , 010,003 

1,142,500 

1,195,000 

Belgiiun . 

765,420 

1,431,160 

1,803,500 

526,670 

1, 185,660 

1,449,500 

Canada . . .• 

• 248,896 

• 550,618 

752,053 

«6,5oi 

515,200 

835,487 

France . 

2,388,823 

3,319,032 

4,032,459 

1,425,351 

2,371,377 

3,506,497 

(lenftany 

7,785,887 

12,^78,067 

14,793,325 

6,394,222 

11,135,085 

13,698,638 

Italy. . 

25,000 

30,450 

215,000 

121,300 

109,000 

635,000 

Russia . 

2,869,306 

2,350,000 

2,74o,o(X) 

2,230,000 

1,763,000 

2,350,000 

Spai» . . 

294, 1 18 

528,375 

387,500 

367,000 

122,954 

251,600 

219,500 

Sweden . » • 

552,250 

604,300 

269,897 i 

351,900 

468,600 

United Kilflgdi^m 

7 , 977,459 

10,311,778 

10,380,212 

5,096,301 

6,565,670 

6,106,856 

United States . 

16,132.408 

25,706,882 

27,636,687 

13,689,173 

23,772,506 

26,512,437 

All other 1 
countries/^' 

• 

» 635,000 

• 

650,000 

525,000 

405,000 

420,000 

315,000 

Totals ... 

40,950,692 

1 59,074,861 

65,860,260 

31,449,869 

-• 

49,635,998 

58,252,234 


0 F 

Analyses of Pig; Iron, — Pig iron analyses are almost as numerous^ as the 
iron ores from w4iich they are made, bwt generally for purposes of steel manu- 
facture they can be divided into seven groups 

1. Pig iroifs known mostly aa: Forge pigs. 

2. ,, for Bessemer Basic steel manufacture. 

3- » >. .. Acid „ 

4. „ „ Open-hearth Basic steel manufacture. 

5' M n >’ )> Acid „ ,, 

6. „ ,, Pdectric process of „ „ 

7. „ l)up\^x processes of ,, ,, 

IJnder each of these groups many subdivisions can be made, t^ch manufac- 
turer p^od^icing several kind« of pig iron known by special brand names, which 
indicate to the, users* a degree of purity adapted for the different classes, of steel 
required. • 

' Below we*give the following tables of analyses in the order mamed above, 
instead of grouping^all the pig irons in one tabic. 

* Mineral Industry,” i< 3 io, pp. 381, 382. 

* N. Lilienberg gives analyses of 13J brands of American pig irons in “Bihang till jernkon- 
torets Annalcr,” 1903, pp. 202-206. 
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o • TABLE flVI J- 


L Pij^’lfon from which bar ironui. wroughl iron produced, eithei by means of puddling 
or other process, and afterwards rolled into bars fof use in the ^iiciblc process. 

o / , ^ 


No I 

Locality. 

\\ 

Carbon 

% 

Silicon 

% 

1 

Manganese 
% ■, 

1 Phosjihorus 

Sulphur 

Copper 
h , 

Arsenic 

% 

I 

Slyrian .... 

3 ‘ 5 - 4-2 

' 

O‘IlVo’24 

o;8 ’iV 

0-03-0-07 

0-02 

• 

o;oo5 



2 

Dannemora (Swedish) 

4-5 ' 

• o-o8 

177 

o'oiSi 

0-015 

0*015 

0-035 

3 

Goldsinedhutte . 

4-0 

0*73 

.0*11 

0-051 

— 

— 

— 

4 

From Erzberg ore . 

3 57 

1 

025 

J*37 

0*04 

1 

0-04 

1 — 


t 


I. “Proceedings Institute of Civil Engineers,” vol, cxxii, p 470. 
2 and 3. “Journal Iron and Steel Institute*,” 1905, II, p. 68O. 

4. “Journal Iron and Steel Institute,” 1907, III, p. 35 - 


TABLE VII 

2 Basic BKSbLMJ.R Pig Iron 


, , i Cat 1)011 

Silicon 

Manganc.se 

I’liosphoriis 

% 

LocalUy. 1 0^ 

1 

% 

/o 

Yorksliirc. . • • ! ^’5 

0 56 

1 

1*4 

275 

,, . . • ‘ 25 

N. Wales .... I 

1 10 

* 5 

274 

0 6 

2 0 

2 0 

Slaffordsbire . . . ! — , 

ro 

23 

3‘3 

East Coast ... 31 

I 0 

I 2 , 

1-8 

), If . . . ' 

055 

*'2-25 

2-7 r 

. » ... 

0*5 to ro 

1-5 to 2 0 

1*8 to 3-0 

’’ ... — 

1-5 to 3-0 

0 5 to 0 75 

1*45 to 1-55 

iCerman — • * 1 

1 0-75 

1*5 

2*0 

( Luxemburg . | 

' 0 I to 0-8 

I 19 

I 3 - 

I 0 to I 5 
0-63 

0 61 

I 5 to 2-5 

1 *86 

1 Lorraine . . I 

175 

- 

0 42 

ri8 

2 * 47 „ 


0 54 

ro 

1-95 

1 Austria— ... 

0 II 

ri6 

3*46 

1 Wilkowitz ... 

0 62 

1-38 

20 

t 

079 


CO' 9 


and 8. “Journal Iron and Steel Institute,” 1907, I, p. lo6f 
9-17. Wedding, “ Basic Process,” p. 92. 


Siilpliur 

% 


0 0C8 

o’o6 

0‘07 

0-05 

0’05 

o'o5 

0 06 to o'o8 
0’04 to o'o6 

■ A 

o 13 to O’O 
o’o5 
o’o8 
0 ‘i 3 
o 23 
o 09 
0-08'- 
» *- 


Steel makers usually mix one or two brands tog^her when making up a 
charge, according to the quality of steel required. 
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TABLg Vllf • 
3. Aci*d^ Bessemer 


No. 

• • 

Locality % 

T!arl)on 

% 


• \ 

M.an^; iiie-.o 

Pliosphor^s 

Siilpliur 

% 


^ • 

• 





I 

Scotcto .... 

1 • 

•5 5 to 3 ii* 

• 0-8 

0 03 

0-03 

2 

East ^oasl •. 

3 IS 

•• yo 

28 


0-0.19 

0-025 

3 

40 

1 065 

004 

0025 

4 

n M ... 

4*10 

25 

— 

0*05 

0 03 

5 

^Wcst Coast . 

3‘^ 

3-0 

132 

0'04 

0 03 

6 

a-93 

1 I-O to 3 0 

0-5 to c 8 

0-03 

'rrace to o'Oj 

7 

S.’Wale’ . ! ! 

h 

30 

0 7 

o'o3 to o'oi 

O'OI 

8 

y (>7 

2-5 

o‘5 

o'o6 

0 03 

9 • 

German . . . . , 

yi^ 

2 52 

39 i 

0 07 

001 

10 

American (Chateau- , 
gay) 

1 

25 

0 025 

0-015 

II • 

American ... 

3'8 to 4-5 

I 8 to 3 0 

0 5 to 2 0 

0 06 max. 

0'05 max. 

12 

Swedish .... 

• 

1 4 0 to 4'5 

I 0 

J 5 to 4 

1 o-oj I 

1 1 

0'03 


9, “ Journal^Iron and vStcel Institute,” 190S, J, p. 322, 

10. ^Pil+ing (S: Cr^ane. New York. 

11. From paper read by Mr. Simonson, General Manager of the Tropenas Converter Co., 
at a meeting of tlie Philadelphia Foundrymen’s Association, Jan. 6th, 1909. 

12 . Akerman, “American Inst, of Mining Engineers,” vol. xxx, p. 268. 


TABEE IX 

4.1 Basic Open-iiear 1 ii Pig Iron 


No. 

Locality. 

Carhon 

0/ 

Sili< on 

ManK.ole^e 

Plio'ipliot ns 

.Sulphur 



Jo 

% 

% 

% 

7o 

I 

Lincolnshire . 


075 

r 5 to 2 0 

I '5 to 2'0 

0'07 

2 

Yorkshire, 

2*5 

0357 

' 1-68 

2-63 

0 042 

3 

East Coast * . 

• — 

0-75 

I’S 

1-5 

007 

4 

N.’ Wales .' 

' 31 

I 0 

r2 


0 05 

5‘ 

371 

0*9 ! 

2-98 

2-78 

0-035 

6 

* • • -o • 


07 

2-5 

2'0 

0 c6 

7 

U.S.A. . . , . 

3'5 to 4 0 

0'5 to I'o 

o'o to o'5 

o'5 to ro 

0*03 to o’l 

8 

U.S.A. « ' (Talbot 

37 

ro 

0-4 

0 9 

0 06 

. 

* Furnaor) 






9 

Belgium P , . . 

3*0 

' 0'2 

>’5 

2*2 

o'04 


2. “ Collicry*Ciiardiiin,” vol. h, p. 103, 

7 and 8. “Iron Age,” vol. Ixx, Aug. 7th, p, 21. 

9, “Journal of West of Scotland Iron and Steel Institute, ’ vol. vii. 
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TABl.E X ^ 

5. Acid O^pkn-heartii Pip Iron 

These pig ^rons differ very fittle frofn the atid Bessemer pig irons, and arfe 
used witl]^high and low content tof silicon, accolding to the amount of mild steel 
scrap used. ^ • * * \ 


No. 

1 

Locality. 

e 

Carbon 

% 

Silicon* 



' Manganese 
% 

L 

— — f— T 

Pho^wiorus 

. % . 

c Sulphur 
.% 

* 

Scotch .... 

3*5 

2*t; to 3 0 

tt) 0 8 

0'04 to 0 05 

• 

o'oa to 0’03 

2 

West Coast . 

3*67 ' 

1 0 to 3 0 

0*5 to 0’8 

, 0-03 

iVatc to 0 03 

3 

>1 „ . . . 

365 

2*5 

07 

0 04 

0-02 

4 

East Coast 

4*0 

2*5 

10 

0 04 

0-02 

5 

S. Wales .... 

3*3 

2*1 

» 15 

0-045 

o'op 

6 


3*61 

2-0 

0-5* 

oo(^ r 

0-05 

7 

U.S. A. (Chatcaugay) 


2 0 to 2'5 

1 


0‘02 to 0-03 

0*013 0-017 

i 


TABLE XI 

6. Various Pio Irons for Ei.ixtric Process 


No. 

Locality. 

Lai 1)01) 
% 

Silicon 

M.incanese 

% 

Plidsphonis 

% 

Sulphur 

° « 

C'oppcr 

Aisrnic 

% 

I 

1 lerr.ing pig iron . 



0-15 

0 025 

0-009 

• 

O'OI 

_ 


2 

Dannetnora pig iron . 

4 5 

0 08 

1*77 I 

0018 

0 015 

0-015 

0-035 

3 

1 

Goldsmedhultc . 

4*0 

.. - 

0 73 

on 

0-051 

— 

— 


I. “ Trans.irtions of the Aiiieiicnii Klectioclieniical So('ie(y,” \a)l. xv, p. 180. 

2 and 3. “ Oestcrrcicliisclie Zcitschrifl fur Bcig- und Ilidlcrwcbcn,” in, p. 447. 


♦ TABLE XII 


7. Pir. Iron used in the Open-iieari ji IfiOLTEN Metal Processes 
(Duplex, pig and ore, and continuous ptocesses.) 



Process. 

Carbon 

Silicon 

Manganese 

riio'.phui US 

Sulphur 

• 

% 

% 

% 

% 

% 

I 

Bessemer ant^ open- 
hearth “ Witko- 
witz,” fSyS 

3*7 

1-2 

27 , 

0-2 • 

0'02 

2 

Daelen - Pscholka 
process 

3*5 

1*5 

2-2 , 

« 

c 

c ^ 


O^n-hearlh Bertrand 
Thiel 

3-25 

0654 

2-4 

2-42 

, 0-076 

« 

4 

Moncll piTicess . 

3*9-4 1 

0-50-9 

0-8-0 9 

0-5 -0-8 

0-04-0-09 * 

5 

Surzycki .... 

up to 3-0 

0 8-1-9 

06 1-5 

0*5-0 « 

0 02 010 

6 , 

Tal hot proccs'-, U . S . A . * 

4*0 

1-0-1-25 

0-65 

oc? 

o-o6 

7 

Talbot process, Frod- 
inghani 


0-75-1-25 

20 

c *75 2-0 

0*06 


I, 2, and 4. “ lion Age,” v«!. 76, ]). 609. 

3. “Journal Iron And Steel Institute,” 1905. I, p. I27. 

5. IbuL, 1905, I, p. 1 13. ' 

, 6. Jbni., 1903, I, p. 59- ‘ 

t 7. y/W., 1903, I, p. 6j. 

• * * . 

^ * Pig irons in the U.S A. are usually classified as Bessemer vr non-Bessemer, according to 

whether*they contain less or more than o'l per cent. P. 
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With the pig irons referred to in Tjbles VI to XII, mixtures of scrap steel 
and iron, iron ore^ scale, etc.,«re used in accordance with the kind of process 
employed. The^ mixtures a^t givey in ij^e charges detailed under ftie sections 
I'elatiijg to each process. • • ^ " 

Cost-of Pig Iroc, — In producing pig iron, the cost varies accordlhg to® the 
price paid for the ore at t^ <blast furnac^ the prices and amounts*’ of fuel and 
flux required per*^pn of ir«» smelled, and th(* price of labour, hind of furnace 
used, and qi^ality^df pig required. • • 

Son^e ores aje so •rich in calcium as to require little os no flux, while with 
other ores 20 to 30 cwts.*of limestone arc used in producing i ton of pig iron.^ 
I'he coke required per ton t)f pi^ iron malted equals from i to tons. 

The places of labour and kind of ])lant usetl*vary in different countries, and 
it would be difficult to give a comparison of costs of production which could be 
regarded as accura:te.^ Sir I. Lovsthian Bell gives a table showing the com{)ara- 
tive eftsts of C(jke#(or raw coni), ore, and limestone required to produce one ton 
of pig iron in various localities, calculated upon the selling prices of the materials 
used*~given in percentages of*No. 3 Cleveland pig. 

At the time in question, Cleveland No. 3 was selling at 37^. 6c/. per ton 
(in Jiine, 1912, the {iriee was 579. 3c/.), and for hematite iron in (uimberland and 
Lancashirejhc 01c is taken at 13^. pei ton. 'J'he following are the [lercentages : — 


TAhLK XIII 

Tomcak \ 1 ivr: Cosj or Pjg Iron pRODuerroN 



C < inuMralive gO'iIs 

ofgcck' (or law ( 

oio. .111(1 limestone 


1 i<|iuie<l to piodiicc 

U>ii of |)i}i iron, li.t-itfi on Clcvcl.uid No. 3 

• Country and distiict. 


lt>>. 


• 

Clc\elnfidNo j 

I'orgo non 

l’( ssemer 

BiiUsli — ^ * 0 




iMi(idIesl>roug]i 

100 

9S 

123 

Norlhuinlerland 

— 

120 

South. Wales 


120 

125 

I 12 

Scotch mixed 

II 2 

1 12 

Germany — 




Western Germany 

100 

85 

— 

Luxembmg . T . . j» . . 

— 

90 * 


Ilsede * . . 

1 — 

fo 

• — 

Westphalia . . * . . * . 

1^0 

j C'onnuon 10^ | 
\Pc-.l 135 f 

140 

France — * 



• 

Dept, of Meui^ic . 

»37 

1 10 

__ 

Neighbourhoodjif Nam V 


103 .111(1 (JO 

» 

Nancy, South . ...... 

I 129 

123 

214 

Neighbourhood of St%Elienne . 

— 


i 22! to 230 

• 

! 


(In 1867 : 212) 

Central Fiance 


156 to 187 

— 

Belgium 

^20 

) • 

102 

1 

140 


t 

^ Bell, “ Manufacture of€ron and .Steel,” p. 673. ^ 

^ Hugo Carlsson gives an aecouni of the production of j)ig iron in Sweden in tl^ “ Tfeknisk 
Iidskrift,” Stockhoim, 1906, General Sectioi^ pp. 125 127, in wliieli important details on cheap 
pioiluction are given. 
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Table XIV gives the average cos[ of pig iron per ton produced in ih 6 
United States of America during the years I902--i9o6, from •statistics prepared 
* by Commissioner Knox of the JBureau of Corporations investigating steel costs 
in topical plants. , • * • • 


- TAiu.irxiV 

Cost of producing Bessemer ^‘jg Ikon (all Distrkvs), during ieo2'-i9o6 

ly U.S.A* ^ 

To(al*t(?hs produced, 51,902,699. • 


Items of co‘^t. 


Nett total metallic mixture .... 

Coke 

L'mestoiie . . 

Labour 

Steam 

Materials in lepairs .md maintenance 

Supplies and tools 

Miscellaneous and gcneial works cx|)(.nses 

(General expense 

Refining and renewals ... . , 

Depieciation . . 


1 

Pliceperton. 

1 * 

Cost pel tou of pig 
iron. 

• • 

r. // 

£ 

i 

7 

16. (4 

I 

10 

5 

14 oj 

0 

16 

2^ 

— 

0 

I 

9 i 

— 

0 

3 



0 

0 

6t 


0 

0 

• 8 


0 

0 

6 i 


0 

0 

I 

2 

6 

' — 

*0 

0 

9 

, 

0 

I 

7 \ 

Total ... 

£2 

18 

4] 

• . . . 





Selling Pric 83 of Pig Iron. — As a riile, steel manufacturew contract for the 
supply of pig iron on the most fpourable basis of supply for periods of 3, 6, 9, 
and 12 months at a fixed price. The market selling prices, however, fluctuate 
very considerably. Average selling prices foi' British, Americaif, and German 
pig iron during 1910 are given below. 


Average Prices. 



1 • 

1 

1 


1 • 



JJriti%h. 

American. , 

Germany. 

Y«ar. 

• Cleveland. 

Pittsburg. 

Siegun. 

j . • 


A(ii. 

B.isic. 

Acid. 

Basic. 

*. 1 

* ^asic. 


• 5 . £ 

s. d. 

S d 

S. d 

1 ' 1 

r ^ 1 

\ d. 

1910 

66 0 

52 6 

7 * 3 

65 Oj 

70 b 

1 ** 

5S 6 


• “Iron Age," vol. 82, p. 1987. 

^ The Item of labour does not include, for inuch\>f the tonnage, the labour of unloading 
raw materials and producing st'^am, which soije of the companies include in the cost of raw 
materials, and in the item “steam," • 
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The following table shows the flucluajon in the prices during 1910 


TAlfLIg 



. Fi.iJcruATicfN IN Prices oprf^G Ikon 

• 

No j 

J 

^ • 

• • Dec 29th, i90<^. 

Per loiK# * 

flcc.*28th, 1910 

Per ton. 

[ 

• Ch.ini;ts. 

• Per ton. 


• 

^ d. 

J. d ^ 

f. d. 

j 

America^ (at tide water^ j 
No. fx Foundry, Phil i- 1 

• 70 * 2 

• 

64 7 

fall 14 7 

2 

deiphia • ! 

No. 2 Southern, ?<e\v 

• 

78 l| 

1 • . 

64 7 

fall 13 6} 

3 

York 

Pasic, PFiladelpliia . 

78 D 

61 51 

fall 16 8 

4 

• • • 

British— - 

^ Acid pig ... . 

• 

62 r (>tl. to 63^-. 

64A (xi. lo 60 j. 

increase 2s. to 3r, 


2, and 3, “Mineial Iiuluslry, ’ 1910, p. 373. 


SECTION III 

REFKACrOKY MAIKKIALS 

Refractory materials, such as are used in the various processes of steel 
manufacture, abound in different parts of the wo»ld. Chief among them are 
the various clays, consisting prii^dpally of hydrr<ed silica and alumina in 
different proportions associated with numerous other substances, according to 
the locality in #hich they are found* Jdie refractoriness, or fire-resisting 
characteristic of the clays differs in the raw statt^as well as in the manufactured 
condition, such as in Fireclays, Fireclay Bricks, Silica Cements, Silica Bricks, 
Canister, etc, •Other refractory materials which come moie prominently into 
use in the basic process arc Lime, Magnesite, Magnesian Limestone (Dolomite, 
which contains the carbonates of both Magnesia and Lime), Chromite, a double 
oxide of Iron and Chromium, Bauxite, an oxide of Iron and Alumina, besides 
many other refractories having different names applied to them, due to tfie 
presence of greater or lesser proportions of one or other of the substances 
named. * 

As the result of modern research, the manufacture of refractory ftiaterials has 
been'm^ch improved. Fxpej'imentcrs have not only analysed the various clays 
suitable for the linings of steel and other auxiliary furnaces, but have foynd the 
fusing-points of clays when associated with different proportions of other 
substances. l*hey have also indicated in what way the various operations in the 
manufacture of brii^ks from refractory materials influence the durability of the 
linings in furnaces wtien exposed to high temperatures. 

All practical steel mfikcrs have at one time or another experienced some 
difficulty when by accident or irregularity in the (piality a [)oor refractory has 
been supplied in place of the usual coi^ignments of mateiials. d'he loss and 
trouble with slaggy heats, and rapid wear of liniitgs, have not promoted the best 
feelings in the steel meltfer, nor always reliability in the quality of the steel 
produced. Standardisadon of raw and finished products by chemical, refra^tO^y, 
mechanical, ant^ density tests minimise to a very considerable degree the 
practical and very real troubles in steelworks. 
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Classes of Refractory Materials.— Ij efractory materials may be divided into 
threg distinct classes, as far as they perlain to steel manufacture. 

1. Silicious, or acid. " V 

2. Non-Silicious, or basic. ’ , 

^ 3. Non-SilicioUs and Non-Basic, or neutral. 

The siljcious materials are used in what -are known as the acid processes ; 
the basic materials in the basic processes ; and the^nS:iitral materials are used in 
conjunction with both, in such furnaces where the basic materials form the hearth 
of the furnace and the acid materials the w'alls and roof, between which a neutral 
course of brickwork is fitted. '* 


SiLicious Materials 

General Description. — Silicious materials, as u^cd in stee^ manufacture, are 
supplied as fireclays; ganister (a name originally given to a highly silicious 
sandstone found near Sheffield, but now given to silicious lock which conGins a 
little clay, found anywhere, and which can be suitably ground and mixed in such 
proportions as to produce a refractory lining for conveners, cupolas, an^l like 
furnaces) ; silica cement (a material mixed with water and used a§ mortar for 
brick joints); fireclay bucks, and silica bricks. The brands ♦gi^en to the 
manufactured bricks, cements and clays are many, but the raw materials from 
which they are produced, as w'ell as the method of manufacturt'* adopted, have a 
very important bearing upon the quality and price of the materials. Thii follow- 
ing table gives the analyses of Biitish, American, and Continental fireclays, which 
are fairly representative : — 


TABLE XVI • 

Percentage Anaeyses of Fireclays— Brti ish, American, and Continenial 












H2O 


No. 

Locality, 

S1O2 

A 1/)3 

FeO 

Fcit );i 

CaO 

MgO 

Alk.a- 

lies. 

^’i 02 

and 

orjiaiiic 

Total. 











iii.itter. 


I 

Newcaslle-on-Tyne . 

55 ' 5 o 

27-75 

2 01 

o’6j 

0-75 

2-63 


10-53 

98-84 

2 

Dowlais (South Wales) 

67-12 

21- 18 

— 

1-85 

0- ^2 

0*84 

2-02 

— 

7-11 

100-44 

3 

.Stourbridge 

63-30 

23-30 

I <s 


0-73 

— 


~ 

10-3 

99-43 

4 

Staffordshire , 

51-80 

30-40 

414 

— 

— 

0-50 

trai^ 

— 

13-11 

99-95 

5 

Glasgow .... 

6616 

22-54 

5-31 


1-42 

Trace 

— 

— 

3 ’i 4 

98-57 

6 

Ireland . ... 

79-40 

1225 

— 

1-30 

0*50 

— 

— 

— 

5*20 

98-65 

7 

Belgium .... 

57-08 

30-04 

— 

0 67 

0-56 

018 

^2*10 

— 

8-45 

99 '08 

8 

Schoningen, Hanover 

59-01 

2426 

— 

4*04 

1*32 

0-72* 

1 -20 

• 

A -24 

100-79 

9 

Haya.ige, Moselle 

( 66-10 

19*80 

— 

6 30 

— 


* — 

— 

7-50 

99-70 

10 

Vallend near Coblenz 

55-46 

31-74 

— 

0 59 

019 

O' 14 

3-17 

• ^ 

9*37 

100*66 


Bibbville, Alabama . 

74-25 

17-25 

— 

I-I 9 

0*40 

tiace 

0*52 

• 

5-30 

99*91 

12 

Mecca, Indiana . 

63-00 

23-57 

0*46 

1*87 

0-44 

0-89 

2-69 ' 

no 

6-45 

100-47 

T 

New Brighton, Penn. 

61-75 

23-66 

! 

1-93 


o '45 

0*35 

(^41 

1-78 

7-20 

99-53 


I, Hugh Taylor ; 2, E. Riley ; 3, C. Tookey ; 4, T. H. Henry ; 5, J. Brown ; 6, T. H. 
Henry; 7, Bishof ; 8, Strong; 9, Salvgtat ; II, 12, and 13, Standard American Clays, 
N. Ries, Professional paper No. ii, U.S.A. Geological Survey. 

It will be observed that in all varieties, the main ^constituents of each are 
silica and alumina. Pure alumina silicate (AI2O3 4 - 2810^ -f 2H2O), which is 
highly refractory, should contain 46 per cent, of AljOa in the calcined state, but 
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this is purely theoretical and cannot be cJitained in practice. It is stated ^ that 
firebricks which are ^stipulated t^ contain ithis amount, must be made from jlays 
mixed with bauxiUk, which produces fusibility at high temperature and much 
shrinkagtJ in cooling. • • ^ ‘ 

Objectionable substances in. Fireclays when^used as Refractories.— ttie 
most objectionable substan^s Jn fireclays when TlTe latter are used jn furnaces, 
are those which teid to produce fusibility dhd uydaje expansion and contraction. 
Perhaps alkalies ayfl oxides of iron giv§ nio^t trouGle in these ciirections. It is 
important that the totals alkalieg should not exceed 2 per cent, in fireclay bricks, 
and as fdr as possible the percentages should not be more than i per cent. In 
high silica thicks the presence Qf eycn i pet cent, is objectionable, and bricks 
entirely fre^ from alkalies give the btf.t results, irpn oxides are not so injurious, 
even when present up to 2 to 3 per cent., if the alkalies are kej)t low. In the 
following table is given the fusion-{)oint of fine washed clay and also the tem- 
peratuies at which the same (Jay will fuse when mixed with other substances 


TABLK XVII 


TAIilE niVING THK FUSION PolM Ol- ('() 
• Wash hi) (,'l.AY AND OIIIEK 


'MTOUNDS rOKMl D OF FiNK 
Mai i KiAi s * 


Substances added to fine isIk iI clay. Per cent. 


Fuann 

Dsga 


C-arbonate of lilliium 

Magnesium carljonalc 

Mangaruoe (liu\i(l(' . 

Calcium carbonate 

Iron ox? Ic . . , . . 

Infusional slag 

White gla^ 

Titanuun oxule . . . . 

Zinc oxide . . . , 

I.ead %\i(le • 

Unmixcd clay 

Fels[)ar 

Alumina ... , . 

Chromic oxide 


20 

10 

20 

20 

20 


50 

20 



20 




I 


20 


15 


13 JO 
1 3 So 

l .)00 

M 50 

lUlO 

1700 

1710 

*7 JO 

1760 

1770 

1780 

1810 * 

1810 

1810 


The limit of rt^fractoriiess for the highest grade of fireclay Hrick is given by 
W. A. Stanton ^ as 3350° F.* ( 1843^ slates that only one 04 two brands 

can Itayd this tenijTerature, gind that for regular work 3000'^ F. to 3100'^ F. is 
the highest working t^^iipcrature best fireclay bricks will stand. The temperatures 
are usually found by the standard Seger cones. In experiments conducted by 
Bondoiftird,'^ ht found that the melting-point of pure silica was 1830'' C., but 
it was reduced* from 1830'’ C. to 1690'^ C. when the silica was mixed with 
14*5 per cent, of aluftfina. As the alumina was increased beyond i4'5 per cent, 
the melting-point also iiKreased, until with 63 per cent, of alumina and 37 per 
cent, of silica, the melting temperjUurc reached 1890° C. 

’ “Stahl und Eisen,” vol. xxiii, p. 421. • 

^ “ Revue de Metallurgie,” 1904, II, p. 92. • 

^ It is pointed out that there^musl be some error with the result of the felspar mixture, as the 
amount added should give 3 per cent, of potash and thereby lower the melling-poir" 

* U.S.A. “Geological Survey Bulletin,” No, 256, pp. 77-78. 

* “Journal Iroi^and Steel Institute,” 190^, IV, p. 751. 
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Analyses of Fireclay and Silica 


LIQuh STEEL 
\ Iricks.— ' 


percentage analyses of fireclay and sili^ bricks; — 


The following tables give typical 


TABL*E XVIlf 



Analyses of Fireclay 

Bj^icks 


« r , • 



, * « 

! 

— 


1 

SiO, . 

• . . . , 6309 

* • 71-02 

A1,()3 . 

. , 29*09 

» 1 26-47 

CaO 

• .* • 

'J'race 

Mgo . 

. . . 066 

• 0-44 

FcO 

— 

j Trace 

Fc,(), . , 

2-88 

0 So 

Alkalies 

2-23 

Trace; oT i 

TiOj . , 

221 


I, Dowlais, by E, kilcy. 2, Devonshire, by J . A. I’liillij 


TABLE XIX 

PlR(FNT\GI' ANAI.^SIS OF ^IIICA HkK'KS 


SiO., . . 

98 

73 

Al,.()j . . . . 

i 0 72 

i '39 

0-48 

1- e( ) . . . 

0 18 

c:a() 

0 22 

O’ 19 

Alkalies .... 

. 0-14 

0’2C 

1 1./_), combined 

1 ‘ « 35 

0 50 


I 


I, riullips, “ Elements of Metallurgy,” (). 126 , 2 , Ihid ^ p. iw/. 

Opinion differs as to the best quality of silica bricks, as the quality does not 
only depend upon the high temperature which can be attained before fusion, but 
upon other factors, such as chipping too freely when subjected to intermittent 
use. Silica bricks made from Welsh clay, particularly the “ Dinas ” clay, find 
great favour in furnaces where high temperatures are required.'' 

Ganister — Perhaps gamster is moie largely used in the Bessemer acid-lined 
converters for making and repairing the linings, than for any other furnaceS. It 
is also used regularly for patching cupolas for melting irdn and ste6l scrap for 
converter metal, as w'ell as in some crucible furnace linings, f Canister rock 
varies in quality according to where it is found. Even in the same district, hard 
and soft varieties are quarried. It is somewhat similar in composition to “ Dinas ” 
rock, and good qualities are found near the coal seams in^Vorkshire and other 
parts of the country. Sheffield varieties of ganisterv-are much used in steel 
manufacture, as they have a very high refractory character, and set like stone 
when exposed to high temperatures, d’he art of mixing has a very great influence 
on the properties. Some grade&.of ganister contain too much alumina and run 
at moderately high temperatures, while others havt too much silica without 
sufficient bond, and “ frit.” 

^Die following percentage analyses may be taken as typical of the best 
ganisters : — ' 



21 


MATERIALS USED L\ ^TEEL MANUFACTURE 

I 

•• TABLE XX 

Composition of GA%ib^E» pok*Furnace Tjnings* 


— • 



Silica . 

• •!iS's6 


.'\%inina 

7 oo 

b-yy 

Oxide f)f iron 

2 OO 


Jamc . . 

• O 22 • 

O' 70 

Magnesia ' 

O 1^ 

0 \() 

■'Alkalies* 

• ._ • 1 

% 

Water or loss on calcining 

2 ]2 

2 8S 

'total . •. . 

j lOo 05 j 

mrjo 


I, Louocxl (Siiohis). 2, Kilcy 


For some purposes ganister coiitaimiig about 8o per cent, of SiO, and lo per 
cent, to i5i[9er cent, of Al .O, is used with good results. 

Expansioif and Contraction of Fireclay Bricks. -lMre( lay and high silica 
bricks \ary in degree of e.xpansion and cor.tiaction when e\])osed to heat, 
according to the* comiiosition of the inatenals of which they are made. In 
furnace Construction, allowances must he made foi expansion when hiiiklmg the 
linings, and most careful attention is al\\n\s necessaiy when heating lurnaces for 
the first lime after being lined with either fireclay o^ high silica bricks. When 
the bricks expand very nuu h, they do not always cpme ha( k lo their oiiginal 
size, and some‘ cracks in hrukwoik or rifts in joints are observed il the 


TAIibK XXi 


Kcfraclor) in.itciialsl 

ruiposo for wliK h icid 

r o.t jx*! i-x-i 

C-s, p.ton 1 

1 

Ganister . , . , 

( upola jiatcliing, con- 
vcifcr ])alching and 
lining 


I 2 J. to I ]r. 

Ganister, fine .... 

• 

Ciutiblc furnace patrh- 
ing*^ 

- 

iS'. to 

Silica ccmcnl .... 

• • 

Brukwork joints of .ill 
acid lined furnaces 

— 

to ]OS |« 

Fireclay, yiuunfl . 

Fireclay bricks 

J^jints of Cupola linings 


Ip. lo 121. 

Ordinary sizcf . 

Cupolas 

55U to 70r. 


Speciifls . . • . 

silica biicks (high gtade) 

i(/. to 8</. cacli 


Ordinary sues . .• 

Silica bricks (lower grade) 

^Lining steel melting 
furnaces 

• 

150^ to i6of. 


Ordinary sizes . 

Inning steel jnclling 
furnaces 

90J. to loor. 


Silica blocks, specials 

b'or crucible furnaces,* 

Prices \aiy 



1 converters, optn- 

hea^h and electric 
fflrnaccs j 

i 

• * ! 

according to de- 
sign and v\ciglil 
from a few pence 
to several slnb 
lings each bloc k 



The prices 
PMven arc For 
rnateriaK 
sold in tins 
country 
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greatest care has not been taken to Iberate part of the framework which nray 
enctose t|^e lining. • • ’ I 

Several (v^P^^riments have.bften made to Vy and measure the ajnount of 
c^pansiyn and contraction that take? place in fireclay and silica bricks wHen 
exposed to heat. 'J'hc resulft*howcver, are so variable with different' clays that 
no reliable figures can be gi^en. G^od -and deflniite brands of fireclay or silica 
bricks can hJ relied upon wflh an amoi^t.of certififtty for ali*practical purposes, 
which enable the necessary allowances to be made for ^?^ansion in furnace 
building. • • • . 

Cost of Silicious Refractory Materials - On*p.*2i (Table X*^I) is given a 
list of the more important silicious refraptbry* materials wjth theij prices and 
uses. ^ * 


Basic MyVTERiALS 

• 

General Description. — Since 'riiomas |)atented his composition for producing 
basic linings for steel converters and other furnaces, many other patent nWxtures 
have been tried and u.sed. Methods of refining the materials used in making 
the various basic biicks have also been numerous. The basic materials mostly 
used for lining steel furnaces may be classified thus 

1. Dolomite. 

2. Magnesite. 

3. Bauxite. 

4. ('bromitc. 

5. Time Slone and Lime. 

T. Dolomite. — Dolomite in the crude slate varies in composition, but contains 
principally lime and magiv-Sia, with small proportions of silica, alumina, and 
oxides of iron. 'The following labU give^ the percentage analyses of various 
dolomites 


i TAIiLt: \XII 

AWAnsl S OF I )Olf)MI 1 I s 




T.imc ... 

29 St) 

31 '36 

2S ^2 1 

Magnesia 

Ferric oxide* * 

2e) 17 

19 2S 

17 Sb ! 

1 

Alumina . f. . . 

Ualeium carbonate . 

— 

'•5 

2-57 ^ 

j 

Carbon duixule . 

45 

4S S6 • 

, 4 *) “3 L 

Silica ^ 

Alagnesium carbonate 

4 3 t 

2 0 

i 

•.^>5 • 

M.niganous oxide 


1 

— •* 

• 


o‘37 
* 0-55 

41-35 

.traces 


I, Used at Cicusot ; 2, Uscil at Horde ; 3, Used ,\t Middlesbrough ; 4, Analysis made at 
Ironworks at Kiscl in Ural. An.djses i, 2, and 3 WedAng, “Basic Piocess,” p. 40. 
Analysis 4, “Journal Iron and Steel Institute,” 1904, II, p 477. 


When the crude material, is cru^ned to about the size of ordinary road 
macadam it is burnt in basic lined kilns or in c\ipolas similarly lined The 
<?alcined shrunk dolomite contains from 56 per cent, to 58 per cent, of lime, with 
35 {ler cent, to 38 per cent, of magnesia, and is crushed in mills until the largest 
pieces pass through a mesh of about yli'inch to inch. The trushed material is 
then mixed with hot tar, from which all the water has been expelled The 
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amount of tar used varies at different wojks, but the average amount by weight 
is about 10 per cent. The fellowing percentages of tar used at the jilaces 
named are given Wedding ‘ 

• 

At Alexandrowsky in .Russia lyto i8 ‘V> 

„ Horde, Germany lo ,, 12;; 

,, C’rc^sot, FraHt'e . . • . 10 ,, ii ‘Y, 

„■ M icj/ilesbrougTi* Englawd^ • . ^ 0 >o % 

,• The !^hein Steel Woiks, Geimany . . S ,, 9% 

Ro^he-Krdi; Germany . . . ^ . . . 7 !’- 

Whatever proportion of tar*Js Bsgd, no n*iore is rcijiiired than will enable the 
material to unite in a cempact mass \\hcn jiies^'d into moulds when biiek^i are 
required, or when being rammed to form the linings and bottoms of converters 
and other furiitaccs. 

D(flomite Briaks. — Doloffute briiks are made from finely gioimd calcined 
dolomite, usually mixed with a small proportion o( clay or tar, to make a 
mat^ial sufficiently plastic wl^ieh will hold together when thoroughly burned 
and when subseciuently exposed to the varying changes ol tenij/eialurc in actual 
furnace work. 'I'hc methods of calcining, cuislung, grinding, and moulding were 
rather crud^ when dolomite was first found so valuable as .1 lining lor converters, 
but now *cvGfy large w’oiks bas, as a rule, its own crushing, grinding, and 
moulding plant, all pow'cr driven Ihicks made by jiower jiresses weai much 
better and take* less time to fit into a converter than the hand-made bucks, 
which \feie not scf regular in si/e or density, bottoms foi conceiters are also 
power rammed, thus saving time and e\j)ense. 

The fuel consumed m calcining dolomite varies from 5*^ cent, of the 
weight of the pioduct to over twice' the weight, acceftding to the kind of dolomite 
trcate^l. 'I'he fuel consumed in buftnng tin bricks ('quals from |o jiei cent, to 
50 per cent, of the weight of bricks burned. I he shrinkage of the bucks, even 
With the most careful air diying and slotv beating in kilns, is fiom 24 [ler cent, 
to 50 per cent.’ • 

2. Magne^te —Magnetite' is,an exca.llcnt basic lefractoiy material, allhcnigh 
rather more expensive than dolomite. 1 lie pimci[>al sources from winch it is 
derived are Austria-! lungaiy, Grc'cce, India, and the' USX. 

Magnesite is found in nature asscjciated with many other sul)stances, but is 
only used for furnace linings w’hcn the silica contained in it is not present to apy 
marked degree. 

Table XXII U(p. 24) ^ives the analyses of magnesite fouiul^in various ])arts 
of the world. - I 

Kure magnesium^ carlionate contains 52‘4 of ( O2 -f 47 ’f^^ /> , i’’'- 

amorplif)us* magnesite^ is an'almost pure carbonate; of magnesium containing 
98 % MgCO.,. The ^rrincqial dejrosits in Pairoj e are loimd in the IsJand of 
Kubcea,(Greccp). IXibcean magnesite is said to comm.md a InghcT price than 
tlrat from other.localilies •’ 'Phe price paid ])er ton ol burnt magnesite in 1912 
averaged from ^latenal in the crude state at the mines m 

California was 8 dollars {33r. 4//.) per ton, and 35 dollars ( r .^5^'. to./) per ton 
ground and calcined, i9ri.* In 1885, 800 tons of magnesite w'cre shijqied to 
the U.S A. from Europe, and the first basic steel was made m r-SHb. in 1911, 
238,209 tons of magnesite were ccjiisunPcd nr the U.S..\., 232,209 tens of which 
were imported. This givc^ some idea of the magnitude of the demand. Owing 

’ Wed‘fing, “ basic Process,” p- 59 . 

^ /du/ , j), 34. , 

“Journal Iron and Stctl Instilrte,” I, p. 450* 

* “ MincraTlndusiry,” 1911, p. 49^ 
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to the severe rejections in the quarry ajid the shrinkage in weight in calcining^* it 
is necessary to quarry 5 tons of rock Tot every tgn of magnesite shipped.^ 

' • TXlilgEXXIIJ 

• » * i\^^IYSES OF MAGsIfSlTE’ 
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0-42 
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1 0*8 

3T 
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1 0-85 
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27*0 
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Margarita Venezuel.i 

i ^ ^ 

015 

0*56 

5.6 

46 93 { 

98*04 

India 

' 2*6 

1*91 

J53 
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Magnesite Bricks. — Magnesite bricks are always made from' the burnt 
magnesite. As the material is mined, it is broken into lumps and sorted, to 
remove, as far as possible, sand, lime, clay, and other mini ions substances which 
may be associated \Mth the magnesite. Shaft furnaces are used chiefly for 
burning the matciial. The temjieratiire for burning ])ure magnesite is practically 
but ^\hen it contains 3 per cent, to 4 per cent, of iron oxides, the 
temperature is about 1400'f and the colour of the burnt magnesite is dark 
brown or black. ( oal is used for burning bi preference to coke, and amounts 
to about 30 per cent, to 40 per cent, by weight of the burnt magnesite. When 
the material is burnt it is ri inoved from the kilns, cooled witlf water, and allowed 
to weather for about 4 wceks^ after which it is sorted and ground to about 
I mm. gauge m a ball or ('bilian mill. "I'he finely ground powder is usually 
mixed with some binder such as tar, and moulded into blocks in hydraulic 
presses with a iiressiire ranging from 80 to 300 atmospheres. Bricks made of 
good magnesite do not reiiuire any binder. 

When moulded, the bricks are allowed to dry naturally for a few weeks, and 
then (hied at about 20° C. At this temperature cracks reveal if any lime and 
other objectionable substances are present. After careful drying at 20° C, they 
arc placed in 5 muffle furnace .such as the MendlSeim type, and burned for 
twenty-four lioiirs, consuming about 30 per cent, of fuel in the operation. ^ The 
shrinkage of the ordinary brick when properly fired does nOt exceec] i to 2 mm. 
If they^get distorted or are not uniform they are reground in the mills. 

Magnesite bricks containing less than 2 per cent, of iron will withstand a 
temperature of about 2000" C. 

The following is an analysis^ of magnesite brick made from magnesite at 
Snarum, Southern Norway : — 

MgO CaO FeO A 1,03 MnO SiO, P2O5 S 

83’6 o'o 4'6 2‘o 0*05 9'3 0 046 ©’003 per cent. 

Uses of Magnesite. — Magnesite is'principally used for forming the bottoms 
and sides of basic open-hearth furnaces. The sid^s are built from 15 to 18 

f ' Handbook, “ Ilarbison-Walkcr Refractories Co FiUsburgh, I’a., p. II. 

' “ Mineral Industry,” 1911, p. 498. 

* p. 499. 

* “J^uinal Iron and Steel Institute,” 1905, II, p. 566. 
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incbM above the bottom of the chargin|-doors. Magnesite bricks are also usee 
m different parts of the open-hterth furnaces around the door jambs and taroine 
holes, in the bulkffeads of the ^rts, ayd in thc^ first two or three rows t)f chequer' 
in the regenerators. They are also u.cd alone the slae line df metal-mixer 
instead of fireclay bricks. 

Magnesite cement is usj^^or setting magnesite bricks. 

In lining, furt^^ces withVhese bricks ifis a^viVable to use a oourse of silica 
or other higl;.gra(ie,refractory between fli'c i^Jate of the furnace aiul the first courst 
of magnesite brinks, as the latter, being a very good conductor of heat, miehl 
injure the platework if placffd directly against ^same. 

Magne^te bricks give the best* ^results in furnaces which are used continu- 
ously. If jubjccteti to^udden coohfig by air, NiMtcr, or oil, it will cause them to 
shatter and fall to pieces. 

3. Bauxite. - This substance is comjiosed chiefly of alumina, and when 
calcined at ncvly.Moo" ( '. ikshrmks consideralily ; hut when ground and mixed 
percentage of fireclay, sodium silicate, or lime, can be made into 
a b^k or tile. 'J'he following analyses of white and red bauxite show the 
variation in its composition ; — 


TABI.lb XXIV 

BmJMII' from DiiFIKRNI IdKAIlllFs 
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i.i.. ' ( 

I'mirici! 

4 

! IUkiI I 

f 

1 % 

1 

1 • 
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59 
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j ^7-3 
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35-3>S 
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I x 1 

1 6 .■|0 
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I 


o’04 
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I 1 
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20’ 0 

20 6 j 

III 

! 1 X 


24 0 

19 0 


1. Composition of white ami rc<l v.iiielics from tlifrercnt localities (“Journal Iron and Steel 

Institute,” 1911, llAj), 499). • 

2. Analysis of material from tlie chief source of American dolomite (“ MiJicral Industry ” 

J 905 »*PP- 47 48). , « 

. 3 ' T\|fo a^ialyses out o^f cdj^ht different analyses of Indi.in hauxile. 1 he Madras samjile con- 
tained the lowest, and ih^* Nagpur sample the highest, alumina in the eight analyses (“ Mineral 
Industry,” 1905, pp. 47 and 48). 

1 he bulk pf the bauxite used, particularly in the U S.A., comes from 
Arkansas, and the aiialysis of the material, after being washed and calcined, is as 
follows : — 


Mechanical H*xO . . . 

. . 0-8, H "/ 

Silica 

• • b 40 X 

Oxide of iron . .« . . 

I ’43 % 

Alumina 

87*30 % 

TiO^. * 

• • 3 99 % 


This material is remarkably high in alumina and produces very .fine bricks, 
which after careful burning; can stand* a crushing test of 10,000 lbs. per square 
inch. A brick 9" x 4J" X 2J" weighs 7^ lbs. 
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When bricks are made for the ba|ic open-hearth furnace they should not 
contain more than from 6 to 8 per. cent, of SiGf2, the white ^variety of bauxite 
being usecf mixed with lime freg fioip silica to fc^m a bond. 

An account^ is given of comparafive test§ made at the Bethlehem Ste^l 
Works wfth bauxite and magrretite bricks made from different materials, which 
were placed* in the furnace side by si^e and neai«tt,the gas and air ports, and 
exposed to tht highest tcmperattire in the furnace.* Jn 7 mii^es the magnesite 
brick showed si^ns of melting, while the fiauxite brick stood cj minutes. When 
both bricks w’ere broken it was seen that the slag had penetrated more deeply 
the magnesite brick. • , 

The output of bauxite in the U.S.A. in \(fLi ^-as 155,618^1005. 

Bauxite for linings of furnacfis has not, as far as we can learn, be?n taken up 
by steel makers. 

Alundum. — Alundum is the name given to fused bauxite prepared in the 
electric furnace. It is stated^ that it has been iisifd with suocesc in a Hdroult 
furnace at work at Niagara. Alundum is pioduced in two forms— white and 
reddish-brown. The white contains less than i per cent, of impurities, aiffl the 
other from 6 to 8 percent. The fusing-point of bricks produced from the white 
material is between 2050'' and 2100° C. Furnace roofs made with bricks of this 
class have withstood temperatures which destroy silica bricks in 5 cto 6 hours.^ 
It is stated, however, that there is some difficulty in using bricks ofr this material 
for the roofs of electric furnaces, as the vapours arising from the intensely heated 
basic slags are injurious to them. 

Alundum expands and contracts very slightly. 

4. Chromite. - -This material is an exceedingly refractory neutral substance, 
consisting chiefly of a double oxide of chiomium and iron. As it is not attacked 
by basic or silicious fluxes, it is most useful in furnaces where chemical action 
and high temperatuie arc to be resisted. ♦ 

In 1905 the world’s production of chromite was as follows^: — 

('anada * . . . 7,781 metric tons 

New Caledonia . 5C,>74 

New South Wales •. 53 „ 

U.S.A T22 „ 

It was estimated that in 1907 the world’s production was from 90,000 to 
100,000 metric tons.® 

* The analyses of chrome ore arc given as follows : — 


TABLK .XXV 

?:n rAC.K AnaiysI'S of Ciiromi- Ork 
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1* c 0 luid 4 1 ^ 

MgO. 

S1O2 

Cj»() 

j MnO 

• 


IhO. 


Turkey 

5J'7 

1 

142 I4I 

14-3 

3-5 

* ; 

• 


o’3 

2 

New Caledonia 

557 

i6 6 , 162 

98 

0 25 

t 


02 

0 05 

1-05 

3 

Bosnia 

; 50-52 

39 to 45 

Some 

2’5 

Some 





3. Ore used lining for open he.iith furnaA* at Diosgyor Works in Hungary (“Journal lion 
and Steel Institute,” 1890, I, p. 2i8)I ^ 

’ “ Mineral Industiy,” 1905, pp. • 

“Journal Iron and Steel Institute,” 19O1 U, p. 500- 
’ “ Metallurgical and Chemical Engineering,” \ol. x, pp. 129 aj^d 1321 
^ ‘ Mineral Industry,” 1905, p. 74. ® 

' “Journal Iron and Steel Institute,” 1909, II, p. 545. 
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*. As a refractory material, chromite should not contain less than 6 per cent of 
silica. I ^ ^ • 

It is stated* that chrome osi linings were <irs^ used at the Taiparis Works in 
France, as a neutral lining for th]e hearllf of a Siemens- Mai tiu furnace. Blo^cks 
of the ore were built in, the joints being made^with mortar composed of two 
parts of the ore and one paft t)f lime. • Th^ee furnaces were in succes'sful use, the 
sizes being 6, 8, and 12 tone •respectively. * • • 

When gr®und,*c 4 iromite is found useful fn basic furnaces along the back walls 
of both, stationary and tilting •furnaces, also on the floor of the ports, and as a 
protection ^the silica briclts in the, ports. Il can be supplied containing from 
38 to 42 per cent.^of chromic ( 5 xido„or with’ 50 per cent, of chromic oxide. 

Chrome Bricks. — These are made from th 5 crushed ore mixed with a suit- 
able binder such as lime, and afterwards pressed into moulds and burned. I'hey 
are practically infusible, and are used principally in basic open-hearth furnaces 
in malcing a noutml course btitween the fireclay bricks on the bottom plates and 
the magnesite bricks forming the bottom of the furnace. 'I'liey are also used in 
makmg quick repairs, as they are not aficctcd by sudden changes of temperature. 

5. Limestone.- -As a basic refractory material for lining furnaces, limestone 
was used successfully at both \\’itkowit/. and Kladno when the basic ])rocess was 
introduce^® Wedding ** gives tbe analysis of the limestone usetl as follows : — 


• 

T.ime I7’46 % 

NJagncsia .... ... . . 2 93 % 

Protoxide of iron (FcO) 3*tr % 

Protoxide of manganese (Mn( )/ . . . 0*29"^ 

Caibonic acid 42 CS5 % 

SiIkm 4 . 238% 

Alumina . . . <^'53 % 


Dolomite ba» now ( omc into gengal use for converter linings, and this 
material is more durable than limestone and more economical, although lime- 
stone is cheaper than dolotnite. 

Standardising Refractory Materials.— Some cflbrt has been made to classify 
refractory materials for use in furnaces making iron and steel, but the various 
(jualities of refractory materials going under iIk^ same name makes it difficult to 
find tests which will be simple and practical, and at the same time a sure guide 
of quality. Mr. Jiaraduc-Muller ** suggests that refractory materials should •be 
graded in groups, thus— 

I. Aluminium silicatc*l)roducts. 

Alumina products. 

3. Siligi produc\s^ 

4. Magnesia products. 

5. Carbortindum products. 

6. tjhromilp products. 

7. Carbon prodiicts. 

and that the followmg values of each should he determined — 

1. Chemical composition. 

2. Refractory resistance. • 

3. Absolute and apparent densities.* 

4. Degree of porosity and calorific conductifity, 

5. Mechanical resisUAce to compression and shock. 

* “ The Engineering and Mining Journal,” vol. i, p. 213. 

’ \Ve<l(ling, “ y.rsic Troress,’* p. 47. 

’ “ Revue de Metallurgiquc Mcmoircs,” vol. vi, pp. 700-729 
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These values, he says, would allowfof a refractory product being expressed 
by life following formula 

, 4J2O3 , 1 • • . • abso/nte density , , • ^ . 

Value = A.,, , ^ — - 4* cal. resistanc(f -j ^ r ^ + mech. resistance. 

• *5 i02 + fluxes ^ ^ appiKcnt density 

Whether sueh a formula would be of practical valwe^j^s somewhat difficult to say, 
but there is iv) doubt that a/oelter method is reqiyVed for tfte easy testing of 
refractory materials before use. 

Elfxtrodks p'or ELEeTRig Furnaces 

The develojimcnt of the efectrodc or arc types of electric furnaces, has 
necessitated considerable investigations into the manufacture and durability of 
electrodes. 'I'wo classes of electrodes arc used: (r) amorphous carbon 
electrodes, and (2) grajihitc electrodes. The ideal (fliaraclerist^s ^f an electrode 
arc : - 

(^7) High ( onductivity. 

{b) Maximum resistance to oxidation. 

(c) Freedom from cracking and breaking when subjected to heat. 

Originally, amorphous carbon electrodes were used with succo<5S, in small 
electric furnaces only, because of the diflicultics found in making Iftrge sections. 
Amorphous electrodes are now made at least 20 inches in diameter and 70 inches 
long, w'itb socket and spigot joints, and used with success m electfic stepl furnaces. 
(Iraphite electrodes are often used, even although more expensive, as they can 
be easily machined and joined together, possessing also advantages of higher 
conductivity and greater freedom from cracking and breaking than amorphous 
carbon electrodes. ' 

The current carrying capai ity of electitnles per square inch of section 
depends upon seveial factors, namely - the kind of electrode jjsed, the drop in 
temperature between the inside of tht furnace and the outside end of the 
electrode, and the length of tbe»electrode. Rules have been tlevised and con- 
stants tabulated, by means of which the size of ?n elettrode for ai-^v specific case 
can be determined. 

Amorphous Carbon Electrodes.— The manufacture of carbon electrodes is 
described very fully in a repoit by luigene Haanel, Pb.D., to the Canadian 
Department of Mines. A carbon electrode factory comprises four essential 
departments : — 

1. Storing aq^ sorting department. , 

2. Crushyig and mixing department. .* 

3. Moulamg department. ^ , 

4. Drying department. * * * » 

The. simplest and cheapest electrodes consist of anthracite, retort coal, and 
tar, whilst higher quality electrodes have graphite added to the fo/egoing, The 
anthracite and retort coal are crushed in ordinary crushers and afterwards in 
edge runners. When the mixture is ready, tar is added gnd the whole then 
treated first in mixers and afterwards in edge runner^. The mixture is then 
allowed to settle for some days, after which it is moulded in a hydraulic press of 
the extrusion type. After the electrodes are formed they are allowed to settle 
for at least 24 hours, then dried in thi air for about a week. They are then 
packed into saggars in a drying' kiln and baked for 20 to 22 days, the maximum 
temperature to which they arc subjected being about 1410'^ C. The cost of a 
cofhplete plant with buildings and all auxiliary machinery designed to give 
economical working results and capable producing about 3000 tons of large- 
size carbon electrodes per annum, costs about ^50,00*0 complete. 
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. Another description’ given of the irfanufacture of carbon electrodes states 
that the materials used consist of coke, hard and soft pitch, coal tar’and 
petroleum oil. Lampblack be sj4bstitutod [or a portion of the coke where 
electrodes of superior quality are rectuirell. The coke is first jcruslied and drjed 
in retorts, then ground. The *proportion of #i*e mixture used for*ordinary 
electrodes is: — Coke, 325 #lb6. ; hard pj|tch, no lbs.; oil, i gallon. The 
ingredients are nttj^ed for alK)ut 20 minutes in sVam-jacketed i^ns, and the 
mixture at a^temp^ature of about 27V F., is compressed in’heavy cast-iron 
moulds into roun^ plugs about 6 inches thick, by means of hydraulic pressure. 
The plugs, after cooling to ‘about 2^00 240" K., are forced through discs from 
3 to 5 per*cent. larger than the ebameter -of the finished electrodes. 'Phe 
baking occupies ffom 10 to 14 days, the (tmperature being steadily in- 
creased to a maximum of 1020"^ F., after attaining which the furnace is allowed 
to cool down for 4 to 5 days before being opened. The finished electrodes 
should*have a r^si|tance of about 0*0016 ohm per cubic inch, and be capable of 
carrying a current of 25 amperes per s(]uare inch of cross-se('ti{)n. 

Q^phite Electrodes. — Probably the best known among grajihite electrodes 
are those made by the Acbeson (irapbite (.'0. 'I'iiey are made by subjecting 
amorphous carbon electrodes in an electric furnace to such a tem[)erature that 
the clement^ other than carbon are volatilised, leaving behiiul the (Mibon in the 
graphitic ?taU. A mixture suitable for giajibite electrodes is given ” as - coke, 
325 lbs.; hard pitch, 103 lbs.; oil, i gallon; iron oxide, 5 lbs. 'Phis is pre- 
])ared as describ<^ above, and when formed and baked is ready for treatment in 
the elecUic ‘furnace* The following comparison bclw'een graphite and carbon 
electrodes is given by the Acheson Gra[)hiie*('o. : — 


Specific resistance, ohms per iilfh cube 
Comparative sectional area for same I 
voltage drop 1 

Weight. Lbs. per cubic inch . . . 

Tensile sti^ngtb. Lbs! per inch . 
Temp, of oxidation in air . . . 


Lrson-( Ir.nphiU* 
(•!(•( (khIos. 

Non-gr:ipliite 
carbon electrodes. 

0*00032 

O'OOI 24 

I 

3 -« 

0-057 t 

0-056 1 

800-1000 

1000 1500 

640' c. 

Cn 

0 

0 


Although the tensile strength of graphite electrodes is lower than that of 
c.arbon electrodes, they are not so buttle. I he comparative freedom from 
cracking of graphite electrodes is obtained by reason ol the high temperature to 
which the electrodes are subjected during their manufactuie and the annealing 
treatment they recTave durivig cooling. 

Prices of Electrodes. — 'Phe cost of electrodes dcjiends to some extent upon 


their siz^and to a lai*ge extent upon the distance from the electrode factory to 
the electric *steelworkg* In cases where the consumption of electrodes i^ large 
and the cost of freight on the electrodes is excessive, it would [irobably pay to 
manufacture thS requirements at the steel works. It is found more economical 
to make electroefes the w^oiks of Idectrometals Ltd., Welland, ( anada, where 
they manufacture ferr8-silicon in the arc type of electric furnace, than to [lurchase 
them from other makers. ’On the other hand, if the consunqition of electrodes 
is small, it would not be profitable to erect an electrode plant. Jslectrodes 


suitable for electric steel furnaces cost as/ollows : — 


Carbon electi^des i’^/. to 3^. per lb. 

Acheson-Gfaphite electrodes . 6^/. to 9//. „ 

' “ Journal of Industrial and Enginenring Chemistry,” vol. 1, pp. 286-295. 

* Ibid, 
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\ 

SECTION IV/ 

FI#UXKS 

Limestone. — Limestone fs^used more as a material, both in the 

unburnt and t)urnt states, than a lining' for furnaces. Som^f prefer it to lime 
in the basic open-hearth furnace, as- ^here is hd lime cJyst to act on the 
silica lining and blocks which would tend to fuse the fac^ of the blocks and 
increase the wear. Limestone is so abundant tluoughout the world ' that its 
price is usually governed by the labour involved^ in quarrying it an(iin the cost 
of its transit to the furnaces. It differs, hov^ever, in chemical compc^gition, some 
deposits consisting almost entirely of carbonate of lime. Chalk for instance, 
when dried, contains about 99 per cent, of CaCOj. Other deposits, however, 
contain varying quantities of impurities such silica, alumina, magnesia, 
and iron. ' 

The following are some compositions of limestones : — 



Lime .... 
Magnesia 
Ferric oxide . 
Alumina . 

Calcium carbonate 
Phosphoric acid . 
Sulphur . 

Silica .... 
Loss on ignilion 


TAHLL XXVI 

PkRCENIAGK AnAI.YSKS ok LiMFSTONI'S. 



3 - 


Harl)urn 


93’92 
o 02 

o‘5o 


I. I'sjd at Ilerrang on account of its high ([uality. tron and Steel Institute,” 

1902, I, p. 51). « • *' 

2 and 3. |Uscd in cupolas for remelting pig non and scrap. 

Limestone, used as a flux in the blast furnace, •requires *more co^e per ton of 
ore melted according to the impurity of the limestone. The presence of a large 
percentage of carbonate of magnesia in the limestone increases the quantity 
required per ton of iron produced, and, in consequence, the co|t' is greater. 

Limestone is also used as a flux in re-melting pig-iron aiid scrap for Bessemer 
and other furnace metal. 

Price of Limestone. — Prices vary considerably, ’but the following figures 
give a fair idea of the range : — 

Britain . . . . « , 2J-. oV. to 6 s. od. per ton at furnaces, 

America 2s. 6 d. „ fir. 9^/. ^ ,, ,, 

Germany 25. id, „ 43-. od. " ,, ,, 

‘ The production in 1911 in the U.S.A. ajone was 18,203,882 tons, »thc value of which is 
given as /i, 047. 028. “ Mineral Industry,” iqii, p 4. * 



MATERIALS USED IN STEEL MANUFACTURE 


3 * 


. Lime. — Calcined limestone is used extensively in all basic steel processes, 
and the purer the lime used t^e more economical are the results obtained in 
steel making. The presence df silica in e\«es^ of 2 per cent.^ in' the lime, 
increases the amount required of the lat^r, and the lost of manufacture. '1,’he 
elimination of sulphur is also retarded when silica k present. 

Cost of producing-K^O.-'-The follovvyig cost ‘ is given of the manufacture 
of lime : — ‘ ^ 

j • 

Cos I PER 2000 LB.S. 

S. d. 


Interest on cost of pldnt and (juany o 2,1 to o ro 

Taxes, minor supplies, ePc. • . , . ‘ 0 5 ,, i 

Costfof tiuarrying 2 tons of limestone . * 21 9 

Cost of fuel for burning \ \ n 3 

Cost of labour (exclusive of (piarrymen) . ^ 3 4 

fi . 

Total . 50 ,, 12 I 


...dcly dilTerent. 'I'lie lower, it is stated, represents what 

might be attained by a good modern plant nin steadily, and uiuler exccjilionally 
favourable«(t)nditions as regaids ipiarrying, fuel, and labour, bor an out[)ut of 
20 tons of buTnt lime per day, a kiln 43 feet hiL;h and 6 li‘et in diameter would 
be rc(iuired. DifTerenl kinds of kilns are used, those in which the fuel is charged 
in alternatii layets with the limestone rock, and those where the fued is burned 
in separ!tte fireplaces. 

l.ime is sold at about ro.f. per ton. 

Fluor Spar. — This material is being used vciy i;;onsiderably in steel-making 
as a flux. It not only |)ioduces a m^re fluid slag, but Us ])nnripal value is fouml 
in the elimination of sulphur in the oj)en-hearth j)iocess. It is being used 
increasingly for sttj^d manufacture and sopie idea of Us imjxutance is obtained 
from the U.S.A. imports for years ending June ;^oth, 1910 aiul 1911 — 

J910 16,561 tons, valiK' 1 2,650 

1911 44,004 „ „ i'30 , 9 17 

A duty of i2y. 6 d. per ton was paid. 

In addition to imports, the U.S.A. produced 42,300 tons, the average market 
selling price of wduch at Illinois in 1911 was 28^. 4^/. ])cr ton. 'The grade prices 
were as follows : — 

Gravel 315-. 3//, j)cr ton. 

Luntp 37J. (h/, ,, 

Groupd 50J-. to 62^. 6 d. „ 

The* follow’ing table® gives the output of fluorspar from the principal 
countries ; — • 

' “Mineral Indnslry,” I905, p. 429. 

^'V/,/r/., 1911, p, 2O9. 

• 
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TABLE XXVII 

Output Huuorspa^ in m4iric Tons 


jft. 


• 0 

• 

• 

19X0. 

19X1, 

• • • 

Austjia-Hungary . * . . 

• ^.000 (^) • 

• 

• — • 

France 

8,262 


Germany 

17,988 (77) • 

23.073 

Si>ain ^ 

180 

« — 

United Kingdom . 

62,6t)7 ^ 

32,100 

United .Stales .... 

9 

63,qpo* 

1 

42.300 (d 


(<i) Exjxjrls. German production is not reported. 

(<r) Estimated. 

The composition of fluorspar, as used for steel and iron manufacture, is as 
follows : — 


TABLE XXVTII 

rpRCKNTAGK AnALYSKS OF Fl.UORSPAR 


Calcium (luoride . 
Calcium carbonate 
Silica .... 
Alumina . 

Oxide of iron . 
Carbon dioxide . 


Kiiglish fluorsp.ir. 


b 


78 4 

81, 

4’ 2 

0'3 

ro 


95 52 

I 6 

3-8 , 

i'5 


Anienc.in. 


83‘5 '''93'2 
o’lPS >> lo'o 
05 ,,8-0 


J. 


I (7. “ Iron Ai^e,” vol. 78, p. 1258, 

2. “Mineral Industry,” 1911, p. 269. 


The price j)f fluorspar, bioken to inches to 2 inches ring gauge, and 
delivered at the furnace, varies in this country from \(is. to per ton. 


SECTION V 

FUEt, AND ELECTRIC POWER USED IN Sl'EEL MANUFAHURE , 

Fuels may be cla.ssified into four distinct sections: (i).Soli*ds; fa) Liquids; 
(3) Gaseous (all these are found in nature) ; and (4) Electrical Energy. A 
large proportion of the solids are used just as they* are found in their native 
state, namely, wood, peat, and coal. Artificial solid fuels, such as charcoal, 
coke, and briquettfes, are produced from wood, coal, and peat, and find their 
place in steel manufacture. Ciquid fuels are not so abundant in nature nor so 
well distributed as the solid fuels. They have betn used, however, for many 
j^ars forested manufacture, particularly in the U.S.A, Gaseous fuels used in 
steel making are mostly produced froyi coal, although cok^-oven gas is also 
use<i and blast-furnace gases have been experhnented with for the’ same 
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purpose. Natural gas, found in certain parts of the world (principally in 
America) is also employed as aYiel for open-hearth furnace work. . * 

Fuels vary in quality. It is sometimes diftitult to distinguish between fuels 
and non-fuels, as so many forms, of heat^iving substances find tfieir way iq^o 
use, some containing many more elements than carbon and hydiogcn Ynd their 
compounds. 'I'hese element# find compounds, however, supply the principal 
heat in all fuels wf^n rapidly*oxidised by atmo^I)lViric air. AH l^nds of fuel 
used in steel pianufacture can be thbrc^ighly tested to find their heat values, 
which can be ni^sured accufately. Fuels arc generally selected for use 
according t(j their calorific Value, freedom frory sulphur and ash (when solids 
are used), and also from the pofnUoT view of economy. Siiliihiii in fuel is a 
very objectidhable element, particularly in solid kiels. I.iquid fuels and natural 
gas do not, as a rule, contain so much sulphur as solid fuels. 

The World’s Coal Production. — Cloal dejiosiis are found in most parts of the 
world, llnd consist jinncipally Y)f bituminous and anthracite ('oals, although what 
is known as brown coal, or lignite, is found in liberal amounts on the ('ontineiit 
of luilbjie and in other parts of the world. 'I'lie total jiroduction of coal for 
lyio is given ^ in 'I'ablc XXIX, with returns for certain countries for ipii. 


T.\HLK XXIX 


C(JAU PKi)i»u(ri':o\ of 'iiii Chii f (’( 

I’.MIUI-S IN lllh WoRll), IN MhlKie TONS 

• 

« 

• • 

Ivl*. 

l>;ii 

Asia — 



China 

1 |,59i,CH*j 


India . ^ 

12,092,416 




14,794,20s 

16,020,000 

.\iis(rala-sia — • 

• 


New Soulh Wales 


8,250,000 

New Zealand . . . . 

2,2 ^2,520 

2, lo0,()OO 

(Jtlier Aublralas^in (’olunu^ . . .* 

E 7 ‘o, 9 jo 

1,7.^0,030 

Europe — 



AusU la-I lungary ■ 

38,oo6,S}o 

40,116,743 

Iklgiuni 

23,127,230 

23,1 12,062 

Eraneo ... . . . 

3 !^. 57 o ,473 

• 

Germany • . . . 

221,986,376 
40o,oo(j * 

234,259,061 

Italy . ^ . 

, 510,029 

Rus^-ia . . . . P 

24,572,403 

— 

Spam* . . 

3,550,000 

0— 

Swetlen ^ 

210,700* 

— , 

Unitcd^l'Cingduin . . • 

264,505,207 

268,029,000 

North America — ■* 



WcsfcrTi Canad.^ 

6 , 446 , 33 ^> 

5,500,000 

Ehistorn ,, • 

6 , 5 <J 4,930 

6,(k)2,ooo 

Mexin) . , . . \ ... 

2,450,231 


U.S.A 

445 , 8 i 6 ,opj 

4 S 5 . 72 o> 55 ^ 

South Afiica* .... . . . 

5,500,219 

- 

Glher countries 

^ 7,000,000 * 

• 

— 

1 

Total 

Ci 43 . 739 d /^2 

— • 

• 


Mineral Industry,” 191 1 , ^5. 151. * * Includes lignite. 

* Includes Transvaal, Natal, and Cape of Good Hope. * Means estimated, • 

• - O 
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During the past five years the rate of increase in coal production has been 
constant in Germany and the U.S.A., namely, per cent., while in the United 
Kingdom it \s only little over^ 7^per cenf. Tnis rapid progress on the part of 
Orman^j: is consistent with her increase in the output of steel. The following 
summary sjiows the amounv ©f coal produced by the three leading industrial 
countries of the world in the years 1^906 and 19^1^ — 

' • •* ... • • 

!>/(%. 1911. •• Increase 

Metric tons. ^ Metric tons. • per cent. 

U-S-A. 375,397,204 455,72o,555t 21 

United Kingdom . . .. 25 1,050, *268,029,000 • 7 

Germany *93,533,2^9, • 234,259,061 *21 

In America.— The output in America came from 28 States, three of which — 
Pennsylvania, Colorado, and New Mexico^ — produced anthracite coal as well as 
bituminous coal. From the State of Pennsylvania! 80 and 90 million shert tons 
out of 80,389,306 and 90,490,356 short tons of anthracite,* were produced 
respectively in 1910 and 1911. The average cost per ton was Ss. yf. in 
Pennsylvania, and lu. 8^. and i2i'. 6 i/. in Colorado and New Mexico 
respectively, the values in each case being taken at the mines. 

J he cost of bituminous coal at the mines varied from i6i‘. 8^/. in Alaska 
and Nevada, the highest, to 33'. in West Virginia, the lowest.* il'hese were 
the aveiage prices in 1910 and 1911, except that \Vest Virginia*was ^s. 9^/. in 
1911. In 'i'able XXX are given tiie average prices of anthracite and 
bituminous coal per ton at the mines in the U.S.A. fiom^ 1906 to 1911, and 
it will be obseived that the fluctuation in prices has not been very greaf. 


TABLE XXX 

Avrragk 1'kices of Goal at Mines in U.S.A 


Kuidofidil ; i (/>6 

.<^.8 

1910 




s. </. 


Anthracite . . . . ' 7 St 

7 11 

7 .. 

8 0 } 

Bituminous .... 4 7 I 

4 ^ 

4 » 

4 II 


Ihe amount of coke produced in the U.S.A. in ^910 was 36,094,769 short 
tons, and in 1911 33,349,754 short tons, the average price being 93-. 7^. and 
9J'. loW. per ton resjiectively. T he highest priiAi was 4^/. per ten in the 
State Qf Montana, and the lowest js. iiU/. per ton in Virginia. 

In Germany. --T he three principal coal-mining districts in Prussia are: 

(1) the Lower Rhine and Westphalian Rasin (by far the ipost important); 

(2) Silesia, and especially Upper Silesia ; (3) the Rh.<>nish district in the 
neighbourhood of Saarbrucken and Ai\-la-Chapcllc. The fuel produced in 
Germany in 1911, in metric tons, was: coal, 160,742,272; lignite, 73,516,789; 
coke, 25,405,108 ; coal briquettes, 4,990,988; lignite briquottes,^ 16,836,679. 

Other Countries. — While most otlicr countries of the world have increased 
their annual outputs during thu past five years, the coal production of Sweden, 
Belgium, and Canada (East) has been approximatMy the same each year. It 
is most interesting to trace the development in Japan. In 1874 the output of 
coal-w^as less than a quarter million ton.s, and in 1911 over i6fOoo,ooo tons. 

The Uses of Coal. — Coal in various grades and qualities is used more or less 
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in each of the processes as a fuel for preliminary heating, and also as the 
principal source of heat. In thhold shaft furnaces fdr crucible steel moitinc 
anthracite coal was in common usj. A^art from ^he use of solid and crushed 
coal' for preliminary heating and recarburisirtg purposes respectively, coal in stenl 
manufacture is mostly used as an artificial gas supplied from the many fyiies of 
gas producers used in connertibn with opep-heartb and ctucible furnaces (see 
Chapter XXXI, on (Ses Producers). In 'Pable XX.Vl are given tlje .vn.alyses ' of 
toals from dinejent (?t 5 untnes- • 


TApitE XXXI 

AN’AIYSLS of VaKIoI’s Co\is 


, SiK Cllh 

; It > 

1 

( 

1 0 ^ 

i 

( > 

N 

i 

Ash 

1 I. 

1 crc< lit- 

1 g C r 1 1 
|cukc i< :i. 

J ‘3 

1 90*12 

j 4 33 

2*02 

1 uo 

1 0S5 

I 68 

[ 

86*53 

I '32 

1 1 29 
1*296 

j So*6i 
, Si 81 
93 

6 01 

5*50 

4*85 

! 

2 ss 

8 58 

« 14 

I I 2S 

1*27 

3 50 

1 

'■^9‘ 

6-91 

7 14 

2 .}() 

71*7 

64 6 1 

61 6 

1*272 

1 82 61 


7-44 

1*76 

1 

» 53 

b.po 

1*27 

81*36 

1 6-28 

^^37 

J 5 

i 

2 89 

59 15 

1*322 

I 316 

i 1 2S5 

1 I 2cSS 

1 89*27 
72*94 
78 -J 9 
88-68 

i 4’8 s 

: 5 45 

1 3 ' 2 i 
321 

j 4 #t 7 

1751 

»7 77 

8 II 

1 

1 ti 

4 08 

0 0l 


; * 4^^2 j 

90 ' 4 S 

243 

^ 1 

- 

4 67 

— 

• 

• 



1 

1 




Welsh. "J hoinas’s Mcr- 
thyr 

,, Ilf d was 

Newcastle, i lardy . 
Derbyshire. Karl Filz- 
willi.im’s, h Isecar 
I ant.isliirt^ Jn?e Hall 
Cof’s, Alley • 
Scutch. Wellwuod. 

Alais. Dep. du Card . 
Saint-Dirons .... 
KtJiiigsj^rube .... 
.s.dzer and Nciiak, West- 
phalia • 

Anthracite. Penn)sl- 
vani.rn. Pultsville 


Calorific Value of Coale.-In Table XXXII (p. 36). the proiicrties of lintisb 
and foreign fuels are given, showing their particular value as gas-prodiicing coals. 
It will be observed that the calorific values of the fuels vary from 13,150 IJ Th.U* 
per lb. with very strong coking peas to 7550 li.Tb.U. per lb. wiVli the use of 
lignite nuts and pe»s. , • 

Coke. Coke is found more suitable for many of the steel- making processes 
man coal. In the Ilmitsinan crucible furnace, and in remelling pig iron in the 
cupola foT use in the Bjs.seiner converter, it is always used. It is also used in 
blast furnaces Mid in other melting furnaces. Two qualities are produced, as a 
rule. Hie soffc is of little use in steel and iron melting furnaces, as it is 
ssstmtial to have a dense and hard coke as free from sulphur as iiossible. In 
|)ro^ ucing coke from coal in one of the many types ol coke ovens siiecially 
lesigned for the purpose, the volatile constituents are esiielled, leaving a com- 
bustible fuel containing usually less sulphur and having a higher (alorific value 
nan the coal from which it has been made. 'I'ahle XXXlll (p. 37) ' gives the 
-oinposition of a few typical grades of coRc. 


* Phillipsf “ Elements of Metallurgy,” pp. 51-53. 

* Percy, “Fuels,” p. 417. 
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iVoLli XXXfil, 

PeRCFNI'KOR COMl*Os/VlON OF roKF, 


CnilKHi 
Hydrogen 
O and N . 

S . . • . 

Ash 




•Actual 

analysis 


8*5 
052 
I 58 
S6 

1 1 40 


KxcliAivc of 
sulphur and 
ash. 


Actual 

aiialj'-is. 


97-83 

o 60 

* 57 

• 


0-33 

2 17 
6*20 



. • 


ExchlMVfi of 
sulphur .'iiul 
ash 

Actual 

aiualysis. 

1 

E«i lusivo of 
sulphur .tiul 
.ish. 

97-33 

0 35 

2-34 

91-59 

0-47 

205 

97-33 

O’ 50 

2.7 

i 1 

5-89 



When ordering coke it is advi^ilile to specify the niaxinuiin amount of 
sulphur, viz. ^*8 per cent, for use in melting iron and scraj) steel in cupolas for 
the Bessenfer j)rocess, and o'6 per cent, for crucible furnaces manufacturing 
high-speed tool steels. 

Liquid Fuels.— As compared with fuels of other classes, liquid fuel is not 
used very riluch in, steel making. It lias been applied and is now used in 
furnaces for the manufacture of crucible steel, in small and large open-hearth 
furnaces, and in melting iron for the conversion of steel in the Bessemer process. 
In 1888, James Riley and F. W. Dick .secured a patent for the use of litjuid 
fuel in regenerative furnaces, and .since then many improvements have been 
made with the object of utilising oil economically hir steel manufacture. 
I’erhaps the chief Itindrance to its fuller use is its cost. For instance, in certain 
[larts of the United States, such as Worcester, where the price of coal delivered 
is from 123". 6^. to i6i-. 8^/. per t(^i, it is generally chea[)er to use oil, but the 
fluctuations in tfte prices of oil, and particularly the increases during 1912, have 
forced some steel manufacturers to revert to producer gas. Some furnaces are 
therefore equipped with gas-producing plant as well as fitted with oil jets. 

The question of locality determines very largely the cost of oil, as in the 
case of coal prices. Booth states* that oil at Baku costing 3 francs (23-. 61 /) 
costs 185 francs (^7 83'. 6 t/.) in France, making its use prohibitive. 'The 
difference of i82*francs ii made up of railway and sea carriage, handling, 
customs, and warehousing. “Ninety francs out of the 185 is the cost^f duty, .so 
that th*c ^me oil at afi Knglish port would cost ^3 163-. 

Apart from the question of cost, the use of oil as a fuel in steel manufacture 
has certain imjtortant advantages. It is generally freer from sulphur, does not 
produce So much dust, and is therefore less trouble.some than producer gas in 
regenerators and "flue‘s For open-hearth furnace practice 40 to 50 gallons of oil 
are required per ton of steel, and in melting pig iron for Bessemer practice 30 
to 40 gallons are required.* 

The chemical values of petrols found in different parts of the world do not 
vary much in carbon and hydrogen content. Table XXXIV gives the ultimate 
composition of the chief available fuels.* 

i 

^ T 3 oofh, “ Liquid Fuels,” p. 35. 

• Lewes, ” Liquid and Gaseous Fuels,” p. 42. 
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TABLE XXXyV 

PERCEN;rA^E Analyses of Petroleums 


• #! 

C 

H 

• * 

0 

« 

ft 

Ahicrica ..... 

14-9 

' 137 

• 

Russia 

86*6 

, I 2‘3 

II t 

Borneo 

87*8 

1078 

ri-24 

Texas . . . . «. 

« 5'6 

ii'03 

3-51* , 

Caucasus 

84-9 , 

r 13 9O 

1-25 

Burmah . . . .^ . 

864 

12 I 

• I'S r 


Calorific Value of Petrol.— Comparing the calorific value of petrol ^ith coal, 
the former is 50 to 60 per cent, higher. The calorific vallie 'of good gas coal 
varies from 5500 to 7000 calories per kilogram. The following table ^ves the 
values of liquid fuel oils in different localities : — 

TABLE XXXV 


Caiorific Cafacity ok Liquid Fuel Oils* 




■Sp. gr. 
u"C. 

Percentage Analysij. 

Calorific capacity. 

Locality. 

Fuel. 

C 

H 

0 

Actual 

Calculated 






calorics. 

calories. 


* 





per 

I’«r 

Russian ... 


« 




kilogram 

Kilogram. 

Pet. refuse ... 

o’928 

87*10 

11*7 

1*2 

— 

11,018 

M 

Astalki .... 

0*900 

84*94 

13*96 

1*2 

10,340 

11,626 

Caucasus . 

Heavy crude 

'0*938 

86 *60 

12*30 


1 1,800 

11,200 

American . 

Solid rcsidium . 

— 

97‘^^55 

0*489 

1*96 

8,057 

_ 

Scotch .... 

B. F. oil . . . 

0*920 


10*59 

9-458 

«) 

10,328 

— 


World’s Production of Petrol. — 'Fhe chief oilfields in the world are found 
in America and Russia. Table XXXVI gives the world’s output in metric 
» tons. 

TABLE XXXVI 


Peirol ok Till*. World (Metric.* Tons) 



1910. 

' ' 9 “* 


28,331,000 

29 , 0 Cp,OOO , 

Russia 

8,952,793 

8,^90,000 

Dutch East Indies .... 

1,700,000 

1,590,000 

(ialacia 

1,700,000 

1,300,000 

Ruumania 

1,352,300 ' 

1,540,000 

India 

872,000 

1,043,000 

Mexico 

542,400 

896,338 

Other countries 

786,480 

1,000,000 

Total .... 

44,236,973 ' 

44.659,338 


* Booth, “Liquid Fuel and its Appliances,” p. 281. 
’ “Mineral Industry,” 1911, p. 557. 
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' Natural Gas. — Natural gas is found in different parts of the world, and^roin 
about the year* 1884 it has be^n used in -several of the States of America, 
namely, Pennsylvania, West Virginia, t)hio, arW Jndiana. It is ^Iso abundant 
in ‘Canada. In 1910 there were,828 producing wells in Ontario, wher^ gas was 
used for fuel and lighting purnoses, and valued -ttt ;^2 80, 5 15, or ai\ average of 
loiL per 1000 c.^ft. The* output in 19^1 was worth ^359,220. The gas 
obtained in Alberta«during 19/1 was yahicd at j^2^D,i4o. On .tin? other hand, 
there was a fall in*the output^of petrol from 11,056,337 gallons in 1910 to 
io,i88,2i9gallon»in 191T. 

The conip6sition of the gas varies,in different wells. Dr. Brislee ^ gives the 
following analysis as^an average ^omppsilion Of a number of samples of natural 
gas occurring in Pennsylvania : — * 


Methane (marsh gas, CH^) 
•H^rogen (lf>) . . . . 

Ethane (CzHe) . . . , 

Ethylene (C2H4) . . . . 

CO 

CO2 

N 


(^7 % 

% 

5 

I % 

0-6 "/ 
0-6 "/ 
3 '« % 


Several large open-hearth furnaces in Pennsylvania and in Ohio arc equipped 
for the supply of» either natural or producer gas. Should the price of natural 
gas excoed that which makes it profitable to use coal, then producer gas is 
employed. Steel manufacturers as a rule contract for a considerable period at 
an economical price, hut they find it very convenient to have gas producers 
attached and ready for use should the gas corportftions demand an abnormal 
price. • 

The gas is stored in suitable gasometers and conducted direct to the ports 
of the open-heartft furnace at a pressure of about J lb. per sep inch, instead 
of being passed through the regenerator chamb#rs, as was customary when first 
introduced. The gas mixes' with 4 he hot air from the regenerators, and burns in 
the furnace with a shorter flame and is less destructive on tlu; bulkheads of the 
furnace than producer gas. 

In one large works in (develand they were paying 7^/. per 1000 cubic feet 
in June, 1912, and found it more economical than coal. It was also being usqd 
in the large Talbot furnaces at the works of Messrs. Jones ^ Laughlin at the 
same period, and (Joubtless in other works as well. 

Cost of Electric PoweY, — The cost at which electric power can be gene- 
rated, or purchased is a very important factor in the economical production 
of steel i)y the electric fumade. Where a good water supply is available and 
can be harnessed at a»modcratc cost, is usually to be found the cheapest source 
of powe;- supply. Unfortunately, water supply cannot always be economically 
employed for agiving electric generators. Further, the districts in which this 
can be done are ofh^i at considerable or prohibitive distances from industrial 
centres where the power Js required, and the cost of tra nsmission is therefore 
a very important item in the cost of supply. Where a cheap water supply is 
not available, steam engines or steam turbines, gas or oil engines are employed, 
the use of one or other depending upon prevailing conditions. Now that blast- 
furnace and coke-oven gases have been found Adaptable for power purposes, 
many plants are at work.wbich employ these waste gases. Again, low-pressure 
steam turbines are being found economical for the generation of electa-icity from 
exhaust steam, aiKi at work^ where steam plant is used considerably it often pays 

* “Industrial Chemistry,” p, 159. 
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to collect the exhaust steam from the dilTorent units and utilise it for ihe^nro 
duct ion of power. • ^ 

The selection of one luime mover or anotRcr.must dojumd, tljcrofore unon 
l^al conditions. Often it is more economical to purchase i>o\ver. from 'an 
electricity supply company or coriioration than to ‘lay down plant at the works 
where the power i^ required. • 

Jable XXXViVp. 40) givV's an idc:^of the var^^ing costs of.elc^ctrical power 
production and cost. ^ ^ 

In the cost oP production given it must he renH'mher''d that the rales of 
interest an4 depreciation chaigc'd to a ])ow('f plant hy dirfcrent works vary 
considerably also tjie charge whidi js made for waste gas, exhaust steam etc 
Ihe cost paid by consumers of power depends^also largely uj^on the circum- 
stances of each case, such as power factor, load factor, continuity or ollunwisc 
of loag, and amount of curre^it consumed. Special rates are usually quoted by 
pow'er supply conqlfinies to w’orks using consldeial)l<‘ amounts, such as for ch'ctnc 
furnace working. 

Ihe following table gives the e(|ui\alent cost in pence per k.w. hour and 
h.p. hour of power at various lates per k w. year and h p. yeai. It is cal- 
culated on the basis of 365 days per year and 24 houis i)er day. 'The co.st of 
pow’cr pei; Ti.w. hour (or h.p. hour) is not neccssanly (oiuparable with the 
equivalent coSt of a k.w. year (or h p. year), and only holds good where the 
demand for powe^ is piactically continuous and steady throughout the year. 

• * • TAhl.K X.XWIir 

Cost ok laiaTRiCM. Powfk fkr k.w. Vi.ak and Hour, and i'kr im- Yi-ar 

AM) JfoCR 
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18 

18 

13 

0 
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0-491 

0-511 

26 

19 

7 
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2 

10 
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0-551 

28 

20 

17 

9 
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0-571 
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21 

12 

8 

, 0-794 

0-592 

30 

2t 

7 

71 

0 822 
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'SECJION VI 

FERRO-ALLOYS 

• * ' • • •. . . 

Ferro-alfoys are manufjfcWred products of iron in corrrtjination with one or , 

more of the following metals ; aluminium, galcium, chromium, manganese, 
molybdenum, nickel, silicon, titanium, tungsten, uraniulti, vanadium, etc. 
The manufacture of these alloys has beoome^of considerable importance and 
magnitude in connection with steel prpchiction. In every prqpess of steel 
manufacture it is usual to emiTloy one or more of the ferro-alloys according to 
the kind of steel required. 

Ferro-metallic alloys pci form at least two funijtions in steel manufacture — 

1. In promoting energetic chemical reactions during ^he* removal of the 

various impurities while acting as deoxidising agents in the different 
processes of steel manufacture. 

2. In giving to the metal from which impurities have been removed, a variety 

of special physical and chemical pro[)ertics according to the nature 
and amount of feiro-alloys added. * • 

Classification of Ferro-Alloys. — Ferro-alloys may’ be convci!icntly grouped 
into two classes, (a) common, and {h) high-grade alloys, the first being usually 
employed when making carbon steels, and the second beinf used for special 
steels. 'I'here are cases, however, where alloys in regular use in the manufacture 
of carbon steels aie employed in making special steels, t e, ferro-manganese, 
which is invariably used ni some degree in ordinary carbon steels, but is also 
used for manganese steel. * 

The fetro-alloys commonly used in the first group arc: Spiegeleiscn, ferro- 
manganese, ferro-silicon, and feiro-alMininium ; and in the second group such 
alloys as the following : ferro-nickcl, ferro-chrome, ferro-tungsten, ferro-titanium, 
ferro-molybdcnum, ferro-uraniiTm, and ferro-vanaduyn. 

The Manufacture of Ferro-Alloys.— Since the mtroductiofi of the electric 
furnace, feiro-alloys containing much higher percentages of the metal or metals 
alloyed w'ith iron have been produced, h'ciro-alloys are now also much freer 
from foreign and injinious material', which have the tendency to introduce 
•impurities into the steel. The higluT percentages of the alloyed metals used as 
deoxidising agents hasten more rapidly the chemical actions in the steel being 
manufactured, and absorb less heat in doing so than allo>^ containing lower 
percentagei of the same metal, d hen, again, advantages are found in using 
alloys containing high instead of low percentages of the metal which it is 
desired to add to the steel in the form of permanent additions. A smaller 
quantity of the former is naturally recpiired to produce* the same result, and 
consequently the loss of heat in melting the additions when added in 'the solid 
state is minimised. This is often advantageous where it is important to maintain 
the casting temperature of the steel. * 

Particulars and Analyses of Ferro-Alloys. Spiegeleisen.— This is a low 
grade of ferro-manganese containing usually from lo to 25 per cent, (and some- 
times higher) of manganese, with about 5 per cent, of carbon. It is made in 
several grades, and is used very largely in the manufacture of Bessemer steel. 
Its introduction for this purpose by Robert Mushet in the year 1856 was of the 
kighest importance in developing the Bessemer process in this and other 
countries*. Ferro-manganese is now being used in conjunction with spiegeleisen 
for Bessemer and other processes of stiel manufacture. In 'fable XXXIX is 
giveii typical analyses of English spiegels. 
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TABLE XXXIX 

Percentage Anatysf.s of ENoy^ii SriE^ns (Darwvv anp Mostvn)' 
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i ' * 1 
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• 0-65 , j 

0 CK)0 
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2 
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0074 . • 
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3 

<*4*40 

4 32 

o'5<J 

o'cx>3 
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4 

• 9-25 

! * 3'95 

0-44 

0 o(»o 

d'r.ue 

1 


^ - -- — — - - - - ^ ^ . 

The i)rice of spjcgeleisen (2b'>Mn) averages from ^'O to ^6 lof. per ton. 
8ilico SJ)iegel.— I'his alloy consists mainlf of silicon and manganese in 
various proportions, and is found useful as a deoxidising agent. The following 
is an average composition.'^ 

Si • C * Mn S P 

iC* 5 i~i 4‘65 i*o-r3 i9r9-24'48 o’oi8~o'025 o’rj-o'i.^ percent. 

Ferro-Manganese. — Ferro-mangancse, commonly used m steel manufacture, 
contains about 8o per cent Mn. (h'lieially, the Knglish malt rial is lower 
in phosphtyus than that obtained from the Continent. It is used in cases 
wheie It* is , undesirable to materially increase the carbon content of the 
metal (as happens when spiegel is added), and is of gn at impoitance in the 
manufacture of Qiangancse steels. Tyiiical analysies of Isnglish feiro manganese 
are givgi Ifelow 
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'Phe average pnee of feiro-mangaru'se (8o p<‘r (cnt. Mn) in 1907 was 
los. per ton, and in njrjxS it dropped to |)er ton. 

Ferro-Silicon. — Phis was formerly made in tlu* blast fuinaK' as a highly 
silieated pig containing from ro to 12 per cent, of siluon. by this nuthod*of 
manufacture, in whii'h much more fuel is used than with ordmaiy pig iion 
manufacture, mofe phosphorus and sulphur are imparted to tlu' alloy, rendering 
it less effective than ferio-sMicon, which i.s produced by tlie eh ctrieffurnace from 
highly silicious rocki. and contains up to 90 to 95 per cent, siliron. d'hc follow- 
ing are percentage an'alyses of Paiglish blast furnace ferro silicon : — 


, TAHf-K XLI 

ENcralii Biast I’urnack !• i kro-Sii.k on (Dakwvn and M-.siyn)’ 
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‘ “ Foundry Trade Journal,” 1907, p. 424. 

* “Journal Iron and Steel Institute,” 1903, I, p. 630, 

* “ Foundry Trade Journal,” 1907, p. 424. 
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IterrO'Silicons made in the electric furnace contain 25-30, 45-50, 75-80, arid 
90-95 per cent, silicon, of which th6 folIo\ying are typical samples : — 


TABLE XLll’ 


Pr.RCRNrvr.K Avaiyses/»f Ferko-Sii icons (Br.ACKWF.i r , 

Co.) 
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The lower percentage alloy (25-30 per cent. Si) is used with advantage in 
large pieces in the open-hearth and Bessemer processes, without greater ICss of 
silicon than when 10-12 per cent, silicated pig iron is used. It is added to the 
steel as a rule in the furnace, but sometimes in the ladle before tlie steel is poured 
into it. 'I'he former jirai'tice is the most common. 45-50 per cent.fferro-sihcon 
has a lower fusing point than the 25-30 per cent, alloy, and is, ttcr(?fore, more 
energetic in deoxidation, but being less dense it is liable to be held in the slag 
layer when added to the charge in the furnace. • 

P'erro-silicons are most useful in the manufacture of sih'con steals ^jsed for 
electrical transformers. 'I'he price of 50 pcT cent, ferro-sihcon in 1908 was ;^i9 
per- ton, in 1910 J^w per ton, and in 1912 ^12 per ton. 

Ferro-Silico-Aluminiunf. — It is common in most of the processes of steel 
manufacture to use small percentages of afuminium rather than an alloy of it, 
such as ferro-silicon and aluminium. 'This alloy contains about 45 [icr cent, 
silicon and 12 to 15 per cent, aluminiirtn, and is employed wifh the same object 
as other deoxidising agents. Ik would appear that for the most part it is used 
in steel manufactured in the electric furnace tc remove oxides in the metal to 
the slag, producing at the same time very liquid silicates of iron and aluminium, 
which make the removal of the oxides more rapid and com[)lete. 'Lhis alloy is 
also added to the li(|uid steel in the ladles and shanks before their contents are 
jKiured into moulds, thus subduing any “lively” or “rising” tendencies in the 
steel when cast. It performs the same function as aluminium, but perhaps more 
effectively. ^ 

'The following compounds associated more or IcsS with iron are also used in 
steel manufacture for deoxidising and “ physicking ” the charges : — 

(1) Silico-manganesc-aluminium,^ containing 

Si 18-20 or 9-1 1^0, 

Mn 18-22 or 9-1 1%. 

Al 9-12 or 4’5-6%. 

(2) Silico-calcium-aluminium,'' which has an average composition ot : — 


Si . . 


50-5 5 %• 

Mg . 

. . about 0*35%. 

Ca . . 


l8-2 2"f). • 

Mn . 

. . „ 0*22%, 

Fe . . 


12-15”^,. 

S . . 

• . „ 075%. 

Al . . , 

C • . . . 


4-5 %• 

ro-r2%. 

P . . 

11 0-03%, 


* “ Foundry Trade Journal,” 1907,^. 424. 

• “ Sodift^ Electro-Metallurgique,” Ugine, France. * Ihid, 
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• The use of this alloy is limited to the manufacture of high quality stcclsf>as it 

is rather expensive. In addition to its use as a dcoxidiscr, it is very valuable in 
assisting desulphurisation of the steel.* * . , 

* The average price of metalli® aluminlhm in 1907 was /'t9o per U?n, buf in 
1909 the price had been reduced to about J^,()2 las. [ler ton. » 

Silico-Manganese. — This ^lloy^ is usuidly made in t\so compositions, con- 
sisting of ^ • . i> • • * 

, . . Mn „ Si Fe 

• 60-70%. 20-25"o. 3" 

{l>) • 50- , -22-25%. • about 19%. 


These afloys are employed as fixed additions in steel maniifactme, and ar(> 
sometimes more conveniently used tlian the sepaiate alloys, pailu ulaily wlien 
the Si and Mn in the finished product bear the same projiorlion to one anolliei 
as that in the ferrc^alloy. lloth allo>s contain about o'55 per cent, of carbon, 
and are very low in sulphur and i>hos[)horus ; they are theiefoie applicable to 
the irianufacture of high-quality steels. 

Ferro-Chrome.- dhis alloy is usually made in the electric furn.ice, and 
contains about 60 jier cent, of chromium, (‘hromile (lb ( >,( !;>( >;i), the ore from 
which it i^itiade, contains in th<‘ puie slate approximately 6.S pi-r (a nt. chromic 
acid. Crude t)rcs containing various percentages of chiomu' ai ul are found in 
'I'urkey, Caledonia, Canada, India, South Afiica, New South W’ales, and the 
U.S.A- Ti^e or«j from New (Caledonia contain about 56 per cent, ol Cr-A^a- 
The ])ri(X of the alfoy depends upon the cost of tlic ore. In 1906 ilie price of 
ore with 50 per cent. Cri;().-i was 'jos. per ton at an English or continental port. 
In 1893 it was 1 toy. per ton. i, 

Ferro-chrome is used for imparling to the finished steel .s[)ecial hardening 
properties, and is a ('ominon associate with ni(kel in ste(‘l used foi jirojecliles 
and armour plalej. It is also used in jool and (Uliei stoiK. 'The lollovcing 
analyses'"^ arc ty[)ical of high and low carbon ferio-chrome allojs made in tlie 
(hrod electric furnace. 


Cr 

Fe 

C 

Si 

A 1 

Mm Ca 

S 

(■) 54'5 

2 2'0 

9'5 

2-25 

o’8o 

O' >5 025 

c 

c 

0 

c 

(^) 63-5 

35 'o 

0-6 

0’20 

0' 10 

0 10 o'35 

q 

6 

0 
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d’he selling price of ferro-chromc (60 per cent. O) vaiied from h) 

;£^o in 1906, and, from % i8 to%'2o in 1911. 'The jirice vanes with the larbon 
content, the following prices- being paid duiing 1912 ; — • 

. . , . £ ^ 

60% ferro-chromo containing 8-1 o'b', carbon . . . . j 6 ic; o 

60% ^ 5, ' M 4 'b'j „ • . . 19 o o 

60% ,, 2 % max. caibon ... pS o o 

Ferro-Tung8ten.~*-Tungsten has been used for over forty years in the 
manufacture of tool stepl. Kohert Mushet discovered the self-hardening 
properties tungsten gave to steel, ^nd for many years no tool steels could be 
produced to equal Mushet steel. The tungsten tool steels made to-day are 
almost too numerous to name. Some high-speed steels contain as much as 
20-25 cent, tungsten. Ferro-tungsten is produced Irorn wolframale of iron 
and manganese, and in the commercial condition contains alxKil 70 per cent. 
tungstic acid. Tungsten ore is found in New South Wales, the Argentifie, Fra/.il, 

^ “ Societe Electro-Melallurgique,” Ugine, Fnincc. ’ Ibid. 
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China, the U.S.A., Straits Settlements, Spain, Portugal, Britain (Wales and 
Cornwall), Bohemia, Saxony, etc.- The following table* gives the composition 
of ores from various countries 4 — ■* 


TABLE XLIII , 


PHKCKNTi^C.R ANALYSES Oh TUNCSTEN OrES** 



Sp.iiush. 

• 

AufetralLiU. 

• 

llohi mui 
(/innw .il(j). 

United States. 

WO, 

64' I ^ 

• ^ 

^423 

7176 

• 63'20 

SnO, 

0-6S 

057 


— 

MnO 

6*42 

1*31 

i6‘30 

I -10 

FeO 

10S8 

16 71 ^ 

7 '(k) 

20- 36 

SiO, 

771 

321 

I 6 (^ 

15-00 

AU), 

5-32 

2*31 

— 

— 

CaO 

I' 2 I 

1 21 

2-28 

-• 

Mgn 

316 

716 

— 

— 

CuO 

0 38 

r2i 

— 

— 

CO, 

— 

2*05 

— 

1 

P 



— 

• trace 

S 

— 


1 



Lorro-tungstcii is made in the electric furnace, and is difticillt to obtain regu- 
larly. ('hemically prepared tungsten powder is still used veVy largely, tiUhough 
it is being replaced by the metallic alloy/'^ Ferro-tungsten alloys contain from 
50 — 85 per cent, of W. iVi average analysis is as follows : — ^ 

W C Si Mn Fe * A 1 P S 

72*50 i'75 0*33 o*8o 23*39 0*06 0*01 ^ 0*01 per cent. 

It recpiires from 140 — 145 units of WO3 as compared with a theoretical 
consumption of 120 units, to produce 100 jiarts *of 98 per cent, tungsten. 
Taking ore at 2()S. per unit, and the average cost of making tifngsten at ^90 
per ton, the selling price eipials x 140 + p^90 = ^V’hcn ore was 

at 4o.f., the price was /,'4oo per ton. The price in 1906 was ;^i4o, and during 
1^12 the price has varied from ^252 tOp{,'3oo per ton. 

Ferro-Molybdenum. — This alloy ds produced from the sul[)hide of molyb- 
denum (M0S2), and from wulfrenite (Pb,Mo04), tound principally in Scandi- 
navia, Japan, U.S.A., and Australia. Both minerals are rathf;r scarce, and the 
production of the ferro-alloy is very small. The pure ore contains : — 



Mo 

S 

Fe 

SiOo 

(i) 

60*0 

39*0 

075 

0*4 per cent. 

(2) 

59‘5 

39 ’o 

0*90 

o '4 


Ferro-molybdenum is manufactured as powder, and alsj in the solid metallic 
state. The powder is made to contain the following — 


Metallic molybdenum . 
Oxidtsof MoImoJ','* 
Iron 


93'39 % 
070 % 

2 ■('3 % 
I'So % 


“ Foundry Trade Journal,” I 9 <^ 7 * 

“Journ.il, Institute of Minin<4 , and Metallurgy,” Jan. i8tl^. 1906. 
“ Foundry Trade Journal,” 1907. 

“Journal Iron and Steel Institute,” 1911, III, p. 69. 
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Carbon (total) 
Silicon . . 

Manganese 
Sulphur . . 

Moisture . 


o'5-t % 

o'oi % , 

o‘i 1 5“’;, 


Ferro-molybdeniJbi made by the electric process. contains So. pi^ cent. Mo, 
•2 to 4 per cent.. of crfT4)on, and is pracncaily free from iinpuiilics. The average 
analysis is as follow^ : — 


Mo •f^'e C Sr Al . * Ca . Mn S I' 

75‘o i^'5 4 ‘o o'2 o i •o‘i5 o‘*5 003 o'og i)er cent. 


It is used considerably in tool-steel inanuraelure, and in .issocialion witli 
one or more metals, ^ucli as nit:kel, chrome, and tungsten ; it is found valiialile 
in steel used for motor cars and m various jsiils of torpedo I)oal^, submarines, 
etc, 'I’he price of ferro-mol>l)d('num m 1906 was 5' to ('x. per He of Mo 
content in the alloy, and in 1912 the a\erage price \sas about tlu' same figure. 

Ferro-Vanadium. — Of recent >ears vanadium has been found to give 
peculiarly valuable properties to steels even when adrUal in small [len entages. 
It has bceif listed very largely for high-speed tool steel m a^somation with 
tungsten, molybdenum, etc. It is jirepared from van.idinite or ( hloro vanadate 
of lead represented by the foimula 3(1’1).{\' d )>) -j-lTCI-, and contains about 
19-35 cefit. of Y.iO.^ m the pure state.' 'i’he ores a(liially used lor the 
manufacture of ferro-vanadium contain about 10 per cent. V-O., 'I'lu- oies aie 
found in St)ain, Aigentine Republic, Mcxko, and Sweden, and vary in com- 
position. The following is the anal}sis‘-’ of a .'-^panisl^vanadnmi ore 

• 

V.Os Pb Si02 Fe.d);, Ald)j MnO Asd).-, l^Or, Cu 

i2'2o 51*27 i4'3o 10 i.t 3'J5 • 2-2() 1 I I JO o 50 per cent. 

The ferro-alloy is made with vanadium m jjfojjortions vaiying from 25 to 
50 per cent., antYcarbon varying l)?tween o 3 and 5 percent, 'i he a})pro.\imate 
average analysis of the alloys aie as follows 


V Fe C Si A1 Mn P S 

50 % quality 55-0 400 4-0 0*30 o-io 0-30 0*04 0*03 [)er ( ent.* 

2310.30% » 34’i ^4‘22 1-42 012 012 012 0-0090-03 

Ferro-vanadium* varies cojisiderably in price, accoiding to the (jpst of the 
ore, .[n 1907 the selling [)rice of the alloy (46 per cent. V) was loj. per lb. of 
vanadium,^!! the alloy.* ,In JuAe, 1911, the price was 17^. 6(/, and during 1912 
the price varied from 94. to iia. pei lb. of \anadium. 

Ferro-Titannim.— Ferro-litanium is produced in two grades - high and low, 
but it would app*t^r that it is difficult to manufacture alloys containing a very 
high proportion of tita*iium, owing to the difhculties of fu.sion on the (me hand, 
and the losses by o.xidation on the other hand. For these reasons “ 'i'he Societe 
l-dectro-Metallurgique " have discontinued the rnaiiufacdiiie of the high-grade 
ferro-alloy, making only ferro-titanium containing from 15 to 20 jier cent, of 
titanium. • 

In the U.S.A. 8000 tons of ore were rained in 1910, which j^roduced 566 
tons (i ton = 2000 lbs.) of concentrates carrying from 75 to 98 per cent, of, 
ilO;. 

* Institute of Mining a«d Metallurgy,” Jan. iSUi, 1906. 

* “ Foundry Trade journal,” 1907. 

* “Societ(f Eleclro-Metalluiguiuc,” Uginc, Franco. 
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il'itanium is said by Dr. L^on Guillet * to be of interest only from the point 
of view of the elimination of nitrogen. It has no appreciable influence on the 
mechanical Droperties ; the ^ejfsile strehgth of steel containing titanium is 
pOssibly^lightly increased, and the ek)ngation, slightly diminished. The elaMic 
limit and sesislancc to shock are unaltered. 

The following are typical analys(;s of low and high grade ferro-titanium : — 

Ti ‘ • C Si' ' S * 1> I'o (l‘)y diff.) Ajf A1 Mn 

Low ii'2i 0*67 0*37 0*03 0*04 t^7‘68 — — ’ percent. 

High 5r3o 2’82 — 0*047 0021 44*19 1*12 0*41 0-08 ,, 

• 

The low-grade alloy is usualfy sold flj. of alloy, hut ihe^higher-grade 
alloy is sold per lb. of titanium. 'I'he average price during 1912 of ferro- 
titanium containing 15 jier cent. 'I’l was 6^/. per lb. of alloy. It is used very 
largely in the U.S.A. in the manufacluie of steel fpr rails. 

Ferro-Nickel. -Nickel is produced almost entirely free •from iron, and also 
in the form of a feiro-alloy. It is made from nuTeliferous magnetic and 
copper pyrites, containing very low peicentages of nickel, the aveiage being 
about 5 per cent. 

The following are the average analyses of nickel and ferro-nickel ; — 

TAHLK XI. IV 


AVl RACl. Vl-KCENIACF ANAMMs NUUII AM) l''KRR(?-Nir * 



Ni 

c 

Si' 

.M 


1 r,, 

1 1 ^ Mil 

Nickel, specially [lUrc 

• 

69-3 

0*09 

0 14 

o*#t 

0-0 1 

— 0 07 

‘ ■ 1 

u‘39i — 

,, .uorage sample 

97 I 

0 14 i 

0 51 1 

“•51 

O‘o2 

1-2 0 oS 

o' 49 . — 

Ferro-nickel ... 

50 0 

061 

1 

0 10 1 

• 

0 01 

0 0|. 

0 01 0 08 

< 

j 48 49 ^ 0 28 


I and 2. Lc Nitkcl C(f. 3. Woil and Kunhaidl. 

Ferro-nickel is also made to contain i)ercentages of nickel as follows:-- 
25, 35, and 75 jier cent., but the nickels almost free from non, as given in 
analyses Nos. i and 2, are most freiiuently used in steel manufacture. Nickel 
is used in various iirojioitions in nickel steels, and with other metals such as 
chrome, molybdimum, vanadium, tungsten, etc., in tool steels. 

The price of nickel in December, 1907, was about /,'i78 per ton, and during 
1912 from4/^'i65 to /,'i7o per ton. 

Ferro-Phosphorus. — Tins alloy is used to enrich phosjdioric slags prpduced 
in basic steel furnaces so that they may be made of gr4'ater commertial value 
for agricultural juii [loses. Isnglish made ferro-phosphorus used for the above 
purpose contains'^- - 


P Fe Si C S ^ Kin 

(1) 24*0 73*3 2*47 0*03 o*o8 010 per cent. 

(2) 17*50 76*12 0*42 0*27 575 


An account is given ^ of the use of fer]o-phos[)horus which was made in 
England and used in steel manufactiJre at the Sharon Steel (o.’s Works, Pa., 
U.S.A. , for black tin plates. It was found that m “ [lack ” rolling of thin plates, 

• 

* “journal Iron and Sled Tns'ilule,” 1906, II, p. 18. 

* “ Foundry Trade Joui n^l," 1907. 

* “ Mclallurgio,” vol. vi, p. 128. • 

* “ Iron Age,” May 7th, 1903, pp. 29-30. 
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the ‘opening of the pack was facilitated by the presence of phosphorus in ^he 
steel It is not stated what percentages of phospliorus were found to give the 
best results in the material used for fliis purpSse^ The analyses of the ferro- 
phoSphorus used were as follows , 



p 

Fe 

S'p 

C , Mil 

Total 


*723 

^•40 

1*46 

114 * 076 •, 

99 ‘09 I>cr cant, 

• 

25*5^ . 


I '80 

i*2D 0‘()4 

99-86 „ 


In order to prevent a chilling eflect in the charge by the addition of the ferro- 
phosphorus, experiments were imdy Vith phospho-manganese supplied from 
England havifig the fbllowing analysis f — • 

Mn P Fe C Si Total 

65 ^ J 2 I 100 i>er cent. 

This c^i>osition gave belter results. 

Ferro-phosphorijs is also used to increase the hardness of some basic steels, 
it being found benefit lal in tlie material when emi)loycd for purposes where 
screw threads have to l)C cut. 

It is ratlier singular that very good results are obtained from the use of steel 
containing from o*i too'15 per cent, of sulphur for the manufat ture of bolts 
and nuts. Better threads are produced and less “ dragging of the material 
takes place when *cijtting the threads. It is absolutely essential to have the 
sulphur present in the form of manganese sulphide to prevent red shortness in 
rolling. 

It IS very remarkable that both phosphorus atid sul[)hur should possess 
such virtues, seeing that their i^resence in steel for most purposes is 
injurious. 

Miscellaneous ♦Alloys.-- Many other alloys are now produced for use in 
steel manufacture, among others being those set fotlh in the following 
table 

TAHLK XLV 

PKR( l>NTAOr ANALYM or Ml->( M I ANKOn-, Alioys 


Alloy 



Mu 

r 

s : K 

1 

■ ‘ 1 

Cr 

Nl 

w 

Mo 

Mtc 

* — 

ilo 

Calcium silicide . 

114 

6<>-8 

i , 

0 22;o 036 

1 

0 014 1 1 'I5 

.5W.55 





0'2f> 

- 

.Silicon^chromium 

3 40 

17 17 

0 70 


O’OI 28-29 

1 

50-2 

— 

— 

_ 

0’24 

— 

Cluomiun^tiKjlybtlenum * 

^■5 




— 

— — 

[30 ’U 

— 

— 

500 

— 

-- 

Nickel tungsten . .! 


025 






215 0 qo'O 




•10 

to 



- 1 — 

— 

— ■ 

lu 

lo 



-- 

1 

;i’o I 

0 50, 




1 


50 0 

75 'o 




• 1 

0-5 I 

0-25 





1 

25-0 


6o-o 



,, inolylxlenum .L 

to I 

to 


— 


— ' 

" 1 

lo 


to 


— 

r 

ro 

0-50 




i 1 

72’o 

50'o 


70-0 



,, chromium 

10 

0’25 


» — 

— 


to 

24-0 

— 


— 

— 


1 





1 75-0 






Ferro-boron . . 

! 

2 - 855 , 



003 

<^•005 — 

1 





~ 

320 

1 


An.'ilyscs^by G. Watson Gray, F.I.C., Liverpool. • 

Ferro-sodium is also used, and is geperally sold with 25 per cent, metallic 
sodium and free from lime of an excess of carbon. 
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cWe give below, in Table XLVI, average prices at which Feno-alloys were 
sold in Britain during 1912. 

1 * 

TAliLE XLVI 


Avkragk Prices ok Ferro-Alloys in Britain, 1912 


Ferro alloy. 

Price per llv 

Price per ton. 

^ .Scale, « 

$ • 

SiMcgclciscn (20% Mn) . 

; 

to Lo los. 

1 • 

Fcrro-inangancse (8o% Mn) 

— • 

, Os. 

1 • — 

Forro-silicon (50% Si) . . 


)• 

Basis 45V. 5 j. 67 . per 1 % 

1 increase or decrease of Si. 

Ferro chrome (60% Cr con- 1 
tainir)}^' 8 loX Carbon) 

! - 

/t6i5/. ; 

1 Ss. per 1% increase or 
\ ilecre.isc of Cr. 

Ferro-chroine (OoV Cr »'on-l 


1^9 

1 per 1% increase or 

1 • uecrcase of Cr. 

tainin^ Fbarli >n) . / 


Fcrro-cluoine (60% Cr con-l 

! i 


1 20 s. j)er 1% increase or 

taininj; 2/^ max. (’arbon) . J 

\ decrease of Cr. 

Forrolun^strn . . . .| 

2S. 3./. to 2S. Sj. 

1 i>fi lb. of W. 



Fcrro-molybdcnum . 

1 sc 6.4 per lb. of Mo 


_ 

F'ciro- vanadium . . | 

i 9f. to Ilf. per lb 
of V. 


• 

• 

Ferro-tilanium (154 I'l) 

67 . per lb. uf alloy 



Calcium silicide .... 


- 



•PART I 

THE CRtJOl\fLE 1‘ROCESS 


C!IA1ti:r III 

cuiriJii.i; sruEL mawfacturf. 

Historical. - The crucible [iroccss is the oldest of the ft>ur b'adinj:^ present- 
day methods rtf steel inanuL'icture and held the supreme iiosilioii in the steel- 
making industry for over one hundred years, until lli ssenu r hroiighl hi.s 
converter process before the notice of the world. 'I'o this day the crucible 
process still c^ccup^s the premier [xisilion in the manufacture of the highest 
qualities 0^ steel. * 

Since the year 1740, when Beniamin Huntsman introduced crucible .steel 
manufacture into Sheffield, many modifi('ations in the i«i.xtures used and methods 
adopted, have been brought out from ^ime to time.' 

Huntsman’s original method of melting blister or other highly carbonised 
steel is the one still adopteil in Sheffield /or the maiuifaeliire of high carbon 
steel, logetlier with the modifu ations introduced liy Mushet, Heath, ami Vickc'rs, 
of melting iron with char('oal and manganese. 

In Ameiica, 4 ie prevailing meftuxl is to carbonise the charge to the [ler 
centage required, by the introduction of charcoal, the carbon from which being 
rapidly absorbed by the bar iron when the latter is melted. 

For the [iroduction of crucible steel castings, the “ pig and sera])” method is 
employed, the materials being mixed in such jiroportiuns as will give tlie desired 
carbon percentage to the resulting steel. 

The “ pig and method has also been tried, in which the j)i^ iron in 

small pieces is melted logethcT with iron ore. 'I'his does not ajipeaV to have 
been adopted to any lat;ge extend in crucible steel manufacture. 

In all <he above methods the metal was, at one lime, tranquillised or 
'‘killed” by keeping it*in a molten condition for a sufhciently long time to 
ensure sound inggts. With a view to shortening the process, Mitis brought out 
his method of “ killing ” the molten metal by adding to it a small fiuanlity of 
ferro-aluminiura or aluftiinium immediately after fusion, the metal being ready 
for pouring a few minutes later. 

Several other methods have been suggested and tried from lime to lime, hut 
all have been more or less a combination or variation of the jjreceding 
methods. * 

With a view to adopting the crucible process for the manufacture of high 
quality steel from cheap materials, basic crucibles have been tried, but Jhey do 
not appear to have met with success. 

' See paper read by Mr, (now Sir Robert) Iladfield before the Iron and Steel InstiUilc 
in 1894. 
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« General Remarks. — The advent of electric furnaces has arrested, in Some 
degree, the development of the ^crucible steel process, but not, it would appear, 
to the extept looked for by <thd advocates of the electric furnace. One of the 
chief Ivndrances in the progress of *lhe electric furnace is the cost of electric 
power required in the process, and it is therefore in the manufacture of higher 
grades of steel such as are^ made hy the crucibfe process, where most is expected 
from the (Electric furnace*' 'I'here istpo.questicfn about th€ quality of steel that 
can be produced in this latest type of furmice, but thfc 'name “ crucible ” has 
been associated so long with what stands for the very best qualities of steel, that 
some users will have no other, believing that other steels must*necessarily be 
inferior. ‘ ^ * 

Another rival to the crhcible process is the small surface-l? 1 own Bessemer 
converter, which is being used increasingly for the manufacture of high quality 
steel for small and intricate castings hitherto nijde by the crucible process only. 
It is found that when pig iron and scrap containing low Jjercentages of sulphur 
and phosphorus are used, a very good quality of steel can be produced at a 
tem])crature almost equal to that obtained in the crucible furnace and as suitable 
for the purpose required, as w'ell as at a considerably lower cost. 

The use of what is known as the “ baby ” type of open-hearth Siemens 
furnace is also being advocated as a substitute for the cruclbje process in 
jiroducing steel for castings such as are being made by the small Bessemer 
converters. From the reports of results obtained from this furnace, it appears 
that the crucible furnace has also a formidable rival in tlie small open-hearth 
furnace for the manufacture of high quality steel castings.' 

Manufacture of Crucible Steel.- For the manufacture of tool steel which 
varies in carbon percentage from o 5 per cent, to 1*5 per cent, according to the 
temper of the steel requiied, the mateiiijls used must be carefully selected and 
proiiortioned. (See Cliapter XI for typical analyses of materials, proportions 
used, and (qualities of finished steels.) One method in coi^mon use is to select 
blister steel (the product of the cementation converting furnace) of such grade as 
will give the ie(tuired tenqie^, and simply melt it in the crucible. This, as has 
been already stated, was Huntsman’s orighial method, andeby it, good homo- 
geneous steel can be produced. An alternative method is to melt blister steel of 
somewhat higher carbon content than is re([uired in the resulting steel, and 
reduce it to the desired carbon content by the addition of ^Swedish bar iron. A 
common method now adopted, however, is to melt Swedish bar iron and raise 
the carbon percentage as rcMtuiicd by tlic addition of charcoal. 'Fhis method 
may be reversed by melting jiieces of very pure pig iwm and lowering the 
carbon flercentage by means of Swedish bar iron.* 

Bessemer steel and open-hearth steel have got been .without their uses in the 
crucible process, since large quantities of tool steeF have been produced by 
melting these steels in the crucible. 

High-sjx^ed steel in its various grades and qualities is alsoThe product of the 
crucible process, the required analysis being obtained by tl>j addition of ferro- 
alloys, such as ferro-vanadium, ferro-tungsten, ferro-chfome, ferro-molybdenum, 
ferro-titanium, etc. 

Chemical Reactions in the Crucible. — Although the crucible process is 
practically one of melting only, it is important to notice that some chemical 
actions and reactions take place during the operation. The chief objection, as 
stated elsewhere, to the use of jdumbago crucibles, is that the charge takes up a 
considerable amount of carbon from the crucible ; moreover, whether plumbago 
or clay crucibles are used, silicon is taken up by the charge from the crucible, 
making it difficult to obtain a low ‘silicon steel unless pure materials, low in 
shicon, are used. It should be noted that the silicon is taken up during the 
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kiHing " period, as by means of the silicon, the homogeneity of the steel* is 
greatly increased. 

By the Mitis method of “ killing,'’ which invoNe^ the addition of ^luminium, 
the period ordinarily occupied by this portion of the process is to a largt^ extent 
eliminated, and although as a result a small percentage of aluminium* is added 
to the steel, this is not ol)jeciionaT)lc providecCit is kent down to about *03 per 
cent. The possibilit)^of silicon being absorbed by tnfc steel from the crucible 
is therefore lessened. • • 

, Some idea of theiloss involved in adding aluminium to the molten steel for 
“killing” puryoses may be obtained freyn the following; — 

melt^. * AKinnmiiiti*(ulJca. Aluminium in strrl pro<luccJ 

Bessemer spring scrap .... o'lo'*/, o'o‘j()% 

Open-hearth boiler plate scrap . o'io'V> 

\ • 

Both sulphur and phosphorus lend to increase slightly in jierccntagc during 
the i^rot^ss, due to loss in melting. In coke- fired furnac(‘s, the increase in 
sulphur from the coke is cpiitc noticeahic. The change in clicmical com])Osition 
which takes place in the crucible process is clearly seen from the typical ca.se 
given below, in ^\hich 40 lbs. of open-hearth acid boiler ])lalc scraj) were melted 
m a clay crucilTle m a coke-fired furnace : — 

Silicon increased . . . from tooii",', 

M ani^ncsc decreased . . ,, 0*51'*;') to o 

* Sul])luir increased ... ,, 005*',, to 0 09% 

Bhosphorus remained constant at o'ob'^o 

• 

It will he observed that the incrqpse in silicon and .sulphur was consider- 
able, while the manganese was reduced by oxidi.salion, and the phosphorus 
unaffected. ^ 



CHAPTER' IV 


THE EVOLUTION OF THE CRUCIBLE FURNACE 

Improvf.mkn'is in crucible steel furnaces have been confined within narrow 
limits, due perhaps to the nature of the process,, which is principally the melting 
of materials in a closed vessel by the application of externcK heat, passed through 
the walls of the crucible before it reaches the materials to be melted. The scope 
for improving the design of furnaces has chiefiy lain in the direction of increas- 
ing the rate of melting and in reducing the rate of fuel consumjition, although 
considerable attention has been given to methods of working and to means for 
prolonging the life of furnaces. ^ , 

There is unquestionable evidence from the Patent Office records that much 
time and talent have been cx|>cnde(l in seeking to perfect this process. 

'Phe original furnace employed by Huntsman in 1740 wgs heated with 
coke. Since then other fuels, such as coal, gas, and oil, 'have been' employed, 
and it has become common to classify crucible furnaces according to the fuels 
used. 

The use of air, both heated and under pressure, has been introduced in 
various forms of furnaces to assist in tne complete combustion of the fuels. 
A brief outline of the principal improvements is givep in the following 
pages. 

Earliest Use of Crucible^. — While it is admitted that Huntsman was the first 
to melt steel in crucibles. Professor Henry Lbuis^ refers to the^/act that crucibles 
were used in the fourteenth century for the manufacture of brass. This was 
mentioned in “Aula Subterranea ” by La/ariis Ercker in 1574. Moreover, 
what is known as “ Wootz ” steel was reduced directly from hematite and 
magnetite ores in small fireclay crucibles in India 2000 years ago.^ 

Huntsman Furnace.— Fig. i shows a sectional elevation of the early type of 
coke-fired crucible furnace - still so much used in its impr^'ved form shown in 
Fig. 2, ii^the district where Huntsman first melted steel — and while many other 
processes have been introduced for making steel in larger quantities than can be 
made in the crucible furnace. Huntsman’s coke-fired fuinacc retains ^ prominent 
place for the manufacture of high quality tool steels. CJheapec methods of pro- 
ducing crucible steel have come into use chiefly because of a fuller knowledge of 
the materials employed. The Huntsman furnace is also used in small foundries 
in this and other countries for the production of stefel for castings, also for 
melting other metals. 

In perfecting his process. Huntsman* found more difficulty in obtaining a 
suitable fire-resisting clay for the crucible, than in the design of the furnace 
itself or in the application of the fue*is then available. Troubles arose with the 
fuels from an imperfect knowledge of the laws of combustion. The Huntsman 
furnace is more fully described in Chapter VI. u 

* Paper read before the University' of Durham Phil. Soc., Feb. 9, 1911, 

* Stahl und Eiscn, vol. xxi, p. 209. 
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•Coka-flred Furnace utilising Waste Heat.— As far as can be traced, ihc 
first important improvement in the design of crucible furnaces was made by 



• Sectional Elevation 

Fio. 2. — Ilunlsman Cokc-firc<l Crucible FurriAcc ; Modern Type, 

a, Mching-holc , b, b, ( lunblt's, c, Fircclny st.inds , </, Ash|>it , r. < hiinrif) dlnr , f, Auxiliary 
chimney -Hue , CIninney , h, Melung hole ro\(r , k, Sh<-lf for ilryun; ciut ihl- 

• 

Johnson in 1853. Fig. 3 is a sectional drawing of the furnace patented by him. 
In this furnace he provided for the utilisation of the waste gases for heating the 
air of combustion, and also for a supply of air under pressure to tht furnace 
through the grate.chamber. , 'Fhese two-objects have been included in different 
forms in many furnaces since then. , 
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JMultiple-Crucible Furnace— In 1855 Henry Bessemer patented a crucible 
furnace having a series of melting holes around a conical stack, in the walls of 
which the furnace flues were jnatle. Each crucible had a stopper in the bottom, 
through whi^h the metal was tapped find carried direct to the mould, placed in 
the centre, of the stack below the melting holes. 



Fro. 3, — rokc-firod Crucible Furnace, for Utilising ^ 
wasU' Heat foi beating Air of Coiiibuslion, 

a, Melting boles, b,b, Ciiitibbs; c, c, Fireclay stands; 
d, d, Grate chambers ; e, l ine for supplying An for'i 'om- 
bustion ; /and^^ Cliinmey-flues ; //, //, Clipuneys. 


Fir.. 4,-— .Siemens’ Regenerative Crucible 
b iirnicc ; First Resign. 
a, Melting hole ; (^.^Jruciblc ; c, Regenerators; 
d, Chimney. 


Siemens’ Regenerative Crucible Furnace. — In 1856 ¥. S*iemcns patented 
regenerators for use in the crucible furnace. The chequered brickwork chamber 
which was improved in 1857 by himself and his brother, 
'' C. W. Siemens, has long since become an institution in 
the design of open-hearth and other furnaces, and was 
r 'i'l adopted to utilise the waste gases for heating the air 
required for the combustion of the gases from the fuel. 
^ ^ ^ sectional drawing of the crucible [urnace 

y h and regenerator combined, in vjhich coke is.yjhown as 
- ^ ^ the fuel around the crucible. 

, Improved Linings for Crucible FurUaces. — With the 
Sect.onai Plan objcct of Fcduciiig tlic cost of Fcpairs fo melting holes, 

nc. 5.-Inncr Lining for Sanu.cl Fox, in .S6o, p.ntcnted .a«simple form of inner 
Ciuciblc Fuinace Melt- lining, shown in Fig. 5, to preserve the mam body of 
Hole. the furnace. The lining was built up in sections of 

a, Melting hole ; b, Special ganistcr stonc, and between the lining and furnace body 
ganistcr stone lining; c, a filling of cokc dust OT Other bad conductor of heat w’as 

billing of coke dust or inserted. These linings could be renewed without inter- 
other b.ul conductor of _ . • , , • r ^ r r 

lieat. fering with the mam structure or the turnace. 

Combined Cupola and Crucible Process.— In 1863 
a duplex rocthod of melting first in tlie cupola, and finishing in the crucible, 
was patented by G. Davies. There are no records as to whether it was actually 




Fie.. 5.- — ^Inncr Lining for 
Ciuciblc Fuinace Melt- 
Hole. 

a, Melting hole ; b, Special 
ganistcr stone lining; c, 
billing of coke dust or 
other b.ul conductor of 
heat. 
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tried, but recent progress in the combined use of the Bessemer converter and 
the Siemens furnace for producing steel rai)idly, finds a certain harmony of 
•principle in Davies' patent, which had for its cbject the rapid production of 
crucible steel. • * • 

Tilting Crucible Furnace. — 'fhe suggestion to u^e a tilting furnace •appears 
to have been made first by T. Rochussen, who, in 1864, provisionally patented 
a furnace with this o*bject. He*did not, jiowever, cegnpletc his patcyit, and the 
•subject was afterwaid« taken up by others. The principle of tilling “air-blown " 
furnaces was introd*iccd by Ilenfy Bessemer some years before this date. 

Siemens^ Qaa-fired Crucible Furnace.— In the sectional elevalion of crucible 

furnace shown in Fig. 6, arc embe)di^c! many of the features found in the modern 

• • 



Sechonal Elevation 


• Fk;. 6. — Su-nu ns’ (j<is-fjrc<l ('ruuhlc Furn.'icr. 

a, Mrlling liolc , />, ( i lu il >I( s , < , ( > ik<* 1 V.\ ult . /•, ( '<iml disi h mi < li.unlx'i , f, ( l.is port ; 

Air ])oit, h, h, (J,i> rcgcii'T.rt'.-rs , k, k, An i< iicrnlors. 


gas-fired furnace, although it is as long ago as 1866 since ('. W. Siemens 
l>atented the fuinace illustrated. 'Ehc crucililes are filaced in two or more rows 
in the melting chamber, uhnh is built indepeiuh'nlly of the regenerators, the 
latter jK’ing placed at the sidt s. 'Flu? structure is kept cool by the vault and 
]»assages,helow the n^ejting elTamher. The air [)Orts are arranged above the gas 
ports, and the mixing, can bt; aceelerated by contracting the gas ojicnings from 
the regencratofs and by giving them an upward direction. 'The crucibles are 
placed opposite or between tlie gas [lorts, and rest upon a coke dust hearth. 

Liquid Fuel Crucible Furnace. — log. 7 shows sectional elevations of the 
Nobel furnace which was jiatentcd in 1884. It was among the first steel-melting 
crucible furnaces of the oil-fired type used in America. '1 hrec chambers are 
shown : the one nearest the oil supply is used for melting, the second for heat- 
ing the charged crucibles, whu h are afterwards removed to the first chamber, 
whilst the third compartment is used for examining tlio flame. 'I’wo crucibles 
are placed in each of the melting and heating chambers. The fuel is supplied 
from an oil tank and passes through pipes into the oil jians. The air is admitted 
betw'een the pan.s, and through an opening in tlic top, which is regulated by 
means of a cover. Heats are very rapidly obtained from this furnace, but the 



58 


LIQUID STEEL 


brickwork lining suffers in consequence, having to be renewed every two to three 
weeks. 



Fig. 7. — Nobel Liquid Fuel Crucible Furnace. ^ 

a, tlnnibcr; h, rhanil)cr , c, b xainination chamber; d, d, Ciiuililts, c, c, (’oke 

beds,’/, ()i! |>\ns , Oil 'upply [iipe ; h, Air inlet, k, An r<'{;ulatin^^ co\. i , /, /, /, direction 

of fj.vses llirouf;h furnace, m, ( ombustion (bainbtr, ft, Outlet flue, 0, tJiitiuicy ; /, H}q)abS 
flue , q, q, Uainpi IS, , 


In 1885, T. Nonlcnfelt patented an oil jet for use in the Nobel furnace, 
Fig. 8 .showing the arrangement, which was designed for hyrning nai)htha or 
other volatile lupiids. Through the central jet ihe oil i.s farced ag^^iingt a plate, 
which breaks up the stream of oil and causes a fountain-hke s])ray on either side 
of the plate. Heated air, issuing through pipes on 
eilWer side of the oil jet, mixes with the oil spray and 
produces a highly cfjmliustible mixture of gases. 

Modern Oil-fired Crucible Furnaces.— Fig. 9 shows 
the crucible furnace which has suputseded the Nobel 
furnace in America. It is simjiler in design, and holds 
() to 8 crucibles in the,melling (hamher. 'I'hc maximum 
life of the fuinace is about two weeksf after which the 
side walls and arches of the melting chambers have to 
he rebuilt. The bottom of the furnace on which the 
crucibles rest is made of coke and crushed crucible pots. 

As an improvement on the furnace illustrated in 
Fig. 9, which IS still used in the Milwaukee district, Carl 
Smcrling ^ desciibes a furnace in whicn oil jets are used 
instead of pans (see Fig. 10). The oil is supplied to 
the burner under a pressure of ro*to 20 lbs. pyr sipiare 
inch, while the air used is at a pressure of 20 to 40 lbs. 

per square inch. By using heavy refuse oil weighing 

7 to 8^ lbs. per gallon, satisfactory result?! w’ere obtained. 
Fow-pressure burners which atomise 15 to 30 gallons of /)il per hour, are not 
suitable for this furnace, as the sjuay is said to damage the crucibles. 

A new form of regenerative oil furnace,^ in which 16 crucibles containing 
an average charge of 85 lbs. are heated at 6ne time, is shown in Fig. ir. Six 

heats each of 12 crucibles arc obtawied in 16 hours, the first heat taking 4 

hours to melt, and each of the others about 2\ hours. Seventy-two pots in all 
yield 6120 lbs. of steel per day.* To melt each short ton of steel, 160 gallons 
of fuel oil are required, or 30 gallons of oil per hour.' The oil used weighs 7*3 
lbs. per gallon, and its composition is given as : Carbon, 86 percent. ; Hydrogen, 
“ The Foundry,” >ol. 36, p. 167. * “ The Foundry,” vol, 37, p. 61, 
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^sGCfional Plan of Furnace, 
showing jefs in positKJn 

Fic. 8. — Nordenfclt Oil 
Jet fur Nobel Crucible 
Furnace. 

a, Oil jet ; bh, Air jets ; r, 
1 iividing w.ill , d, d, Cni- 
ciblcs. 
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<T, Melting chamlxT , h, b, CruriMcs, ('okcl>r<i, d. Inlet foroi! j( t , r, hirection ofg.ibc? 
thiuugh furnace , /, Outlet flue , ( l itmiey, A, I)aini>er. 



Fig. II. — Oll-flrcd Crunhie Ftimace with Kegereraton. 
a, Melting-chamber ; b, b. Crucibles ; t, Inlet for oil jet ; d, Regenerators. 
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12*06 per cent. ; Oxygen, 1*34 per cent.; Sulphur, o*6 percent To bum 30 
gallons of oil per hour, 48,620 cubic feet of air are required, and by means of 
the regenerator chambers the air *15 delivered at a temperature of 2190® F. 

Applicatiftn of Water Ga's to Cmcible Furnaces.— In 1890 Samuel Fox 
patented an, arrangement whqreby a jet of water gas was introduced to mix with 
the hot air ascending from the regenerators, thus*accelerating the combustion of 
the gas and air in their passtige from Jhe regenarators to tHe crucible melting 
holes, and intensifying the heat. * * 

Economy in the Repair of Furnaces. — To reduce the cosl^of lining ordinary 
Huntsman crucible furnaces, W. Kirkham, jn 1896, patented a cruc^le furnace 
in which the linmg was encased in an iron frame 
•and rested (ipon special fire-grate bai^. Between 
the outer structure and the iron frame an annular 
space was left to allow a free passage of air to 
keep the frame cool. By t/iis means a spare 
lining could be intrbduced as required, avoiding 
the serious delay which takes place everf four 
or five weeks with the ordinary furnace, due to 
the relining of the walls with ganister and the 
rebricking of the top of the meltingi hole. Fig. 
12 shows a section of the furnace* with the 
special casing containing the lining in position. 

Dawson, Robinson and Pope Gas-fired Fur- 
nace.— Dawson, Robinson ami Popc‘defigncd a 
furnace in which each melting hole was kept 
under control by means of valves or dampers 
near to the melting chamber (sec Fig. 13). Two 
pairs of air alVl gas regenerators supplied heated 
air and gas to the melting holes through in- 
deiiendtmt gas and air ports ffnd passages for 
each melting hole. In this way the temperature 
of each meltinj^hole was more easily controlled. 
This furnace, which is more fulfy described in 
Chapter VIII, was patented in 1897, and has 
been very successful in reducing the amount of 
fuel consumed in comparison with the ordinafy 
coke-fired furnace. 

Appliance for removing ^Crucibles from 
Furnaces. — To rerngve the crucible at a white 
heat from the melting hole by hand toqgs is 
perhaps the most* trying *oi)eration in steel 
making. It is necessary for the man to stand over the top of the furnace and 
raise the charged crucible while he is exposed to intense heat. To avoid 
having this ojicration performed by hand, J. M. Gledhill pateqt*cd, in 1898, a 
furnace with movable bottom, upon which the cruciblas rested, and w'hen 
the charge was melted the crucibles w-ere raised to the floor-level, making it 
easier for men to carry all the crucibles away and accelerating the distribution 
of steel to the various moulds. Fig. 14 shows the device employed for raising 
the movable bottom of the furnace. Tke overhead shaft was extended over a 
series of melting holes, but each furnace could be operated independently by 
means of a clutch gear, the loose tops on the furnace being lifted simultaneously 
w’ith the bifttom. ' 

Improvements in Portable Furnaces.— Many designs of portable furnaces 
have Ijeen made to reduce the expenditure in crucibles, in melting the charges 




Fig. 12. — Rfnowabic Inner lin- 
ing for Cokc-lired Crucible Fur- 
*nace. 

a, Mdliiig hole; b, b, Onciblcs , r. 
Iron fr.inu: eoiitaining rene\\at)le 
lining; d, (/.•<>Air j^issagc round 
frame. 
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rapidly, and in conveniently transferring the furnace to any part of the steel 



Fig. 13. — Dawson, Robinson, and Pope Gas-fired Crucible Furnace. 

<7, a, Melting holes ; b, b, b. Crucibles ; c, c, c. Coke beds ; c/, Vault , r, e. Ait flues ; /, /, Gas 
Hues ; g, g, Gas regencralois , h, h, Air rcg< lurat'us. 


foundry. Fig. 15 shows a typical lilting furnace patented by Harley in 1903, 
and subsequently improvt:d in 1906. It is mounted upon a frame fitted with 
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wheels, which can be moved on rails. The charge can be tipped from (he 
crucible without removing the latter from the furnace. 

Improved Design of Liquid 
Fuel Furnace.— Fig. i6 is an 
illustration of a furnace patented 
by N. K. Peace in 1904. The 
sjx^cial featJre in this design, 
aj)art from die use of liquid fuel, ’ 
IS the •means* adopted for con- 
centrating tlie heat .around the 
trucihles. 'I’he refractory bed 
on \shich the crucibles rest is 
perforated so that the flame may 
jta^s llirough and surround it. 
'The admission} of air and oil takes 
place at the bottom and ^n one 
side of the fuinace, and is directed 
in a jiath tangential to the floor 
of the furnace. 

Regenerative Ctucible Fur- 
nace with Double-chambered 
Melting Holes. -R. H. Radford 
patented, in 1906, an imiirove- 
ment in the' ordinary ‘gas-fired 
regeneiative erucihic furnace. In 
I’lg 17, which gives a sectional 
elevation of the furnace, it will 
he observed that the crucibles 
are placed on each side of a 
dividing wall. t\'hen the gas and 
air from the regenerators on one 
•side have sj^ept themselves 
around the crucibles in one 
chamber, they [)ass over the 
dividing [)artition and around the 
crucibles in the second chamber 
on their way to the regenerators 
and the chimnq^\ As the direc- 
tion of the gases is reversed every 
twenty minipes, the cruciWes in 
each chars her gel the flame on 
the bottonv and top alternately. 
A sccondafy supply of gas and 
air can be delw^cred from the 
mid parlitioft wall if desired. 

Crucible Furnaces with 
Forced Draught.— The applica- 
tion of forced draught to crucible 
furnaces in one form or another 
has been the subject of numerous 
patents since 1853, when Johnson 
embodied ihis feature in his patent. The direction of the blast, its temperature, 
pressure, and volume, are important factors in the successful melting of steel in 
cruciWes. These considerations have had the attention of inventors. 



Sechonel Elevation throu^f? Melting hole- 

Fig, 14. — Appliance for remo\ing Ciuciblcb from 
Furnaces. 

a, Melting liole ; b, b, b, Ciiicibles; c. Coke bed, d. 
Hydraulic cylinder ; e, R.^m for operating ch.ur^wheel 
shaft , /! Crossbar for lifting movable bottom ; g, 
Crosslur for lifting concis; h, Clutch. 
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F'h'.. 15. CtucihTc luiKuc. 


i6 -I hjiii.l Furl l-'iirincc wilh 
i'l 1 1< u .-XU li c 1 11. iMr lU'il 


l.olo , i*', • I ucil.’t , < ( ii vt'' jiM .<1 . Ai.u' I ii M< It li. ,1.' , ( 1 n. .M( s , . , r.-i (<>t utc d 

an ^ Alt i.ilf t t I '.'Op in iU. ,iu lui )< iibivul i.'int i\ 1 < d , Inht, f, ('ullrl 

o( .isli. ^ O'Jt’' l'’i '' 'il-' '> I' ' , « '.i • np/u , \ii i.upp’ly 



o- Melting hole ; b. Crucibles ; c, Grate b.irs , d, Air inlet , e, e, Outlet Hue's ; /, Abhpnn ; 

Air ports. 
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Flo. 19. — C(jkc lircd CnuiMc Furn.ue 
Willi i'cjrccd Draught. 

ii, Mcltinji liulo , l\ ('ruul>Ii , r, (it.itolMi., ./, 
Air inlol : e. Air lx It , /, ronlioK s , t; .iimI //, 
Kuk and Handle lor u^iilalini; air , I, 

Ouil( I lUi'\ • 


In 1908 William Miller patented a furnace (Fig. 18), in which the air. for 
combustion with the coke fuel is. heated in its passage to the underside of the 

grate bars by means of the waste gases 
which pass to the chimney through a 
flue running parallel with the air inlet 
flue. '£lie pressure of air is regulated 
accordmg to the timperature required. 
The air is also directed to the melting, 
chamber through Ithij fire bars and ports 
to distribute it evenly throughout the 
fur^aoc. Below the fire gra!e an ashpan 
iS kept full of water, info which the 
ashes fall, {Producing vapour which 
unites with the air of combustion to 
accelerate the meltiiig. Tins furnace is 
more fully described in Chapter VII. 

Fig. 19 shows a crucible 4 'urnace 
patented by James W. Chenhall in 1909. 
'I'lie crucible rusts on a fireclay block on 
firegrate bars, from belo^’ which air is 
admitted to the coke surrtjunding the 
crucible. Several tiers of draught holes 
admit heated air different levels 
around the crucibles luich tigr of holes 
IS surrounded on the outside of the 
furnace by a band with i)()rts in it, and 
by means of a rack and handle the air 
sujtply can be regulated throiigli the 
draught holes. Air under pressure is admitted to a belt surrounding tlie furnace 
at the level of the air ports, pipe connectioiu being made f>om the air lielt to 
the closed ashpit for the siqiply of air through the grate bars to the interior of 
the furnace. Apart fiom the grate bais, the .general arrangement of ports and 
air belt is in many lespects similar to that found in cupolas tor melting iron. 
A fuller desciiption is given in Cliapler Vi I. 

Tilting Oil-fired Furnaces.— log. .>0 shows a tilting furnace consisting of 
^ simple casing lined with refiactoiy materials, in the body of which are passages 

con\e>ing air from the out- 
side to the combustion 
chamber.* Thct air enters 
through one ol the trunnions 
and nflsses round ^he lining 
in tqg direction shown by 
the airows, mixing with the 
oil as the^^iray enters the 
combiistion chamber, and 
thence to the furnace. The 
air passages in the lining arc 
made as close to the interior 
• surface as practicable, so 

that the air may receive as much heat as possible before it mi.xes with the oil 
vapour. This furnace was j)atented in America in 1909 by William Carr. 

Tilting Oil-fired Furnace with Regenerators.— fn the same year William 
Carr and C. H. Speer patented a tilting crucible furnace, as showm in Fig. 21. 
The^ furnace in which the crucible is placed consists of a short and narrow 




Fig. 20. — Tilling Oil-fireJ Ciuciblc Fuinacc. 
a, Melling hole ; d, Air micl ; c, Air passage ; d, Oil jet. 
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cbaihber lined with refractory materials, and connecter! at each end with 
regenerators which extend behind the furnace* on each side, and through which 
heated air is supplied to combine with the oil vapour. The cri^cible, which 
has a capacity of about looo lbs., is fixed in the melting chamber in su«h a way 



Fie. 21. — Tilting Oil fired Crucible Furnace with K< gmcr-alori. 

a, I tiling n^ lung Lh.\uiU.'r , b, < ni<'il»'.* , < . < , .Air r<-g' tv i tt.>i . . (Jil f , r. K''\crMng 
v.iU I' ; /. (, limuv ) lino. 

as to render unnecA'ssary its removal from the < liambt;r until repl.ncid by a new 
one. 'Tho chamber With erucihle can be lifted hy .i nane and the ('onlenls of 
the crucible iiourcd out. 'I'hr operation of tlu* furnace is iunte simpke After 
the crucible is charged and the cover attached, the ^il llaine bom llie hurncT 
on one side is ignited, and passes roi^nd the crucible, jiioeceds into the legene- 
ratoi, and from tlience to tlu.- stack tlirough tin* ri \ rising valves. .Alter 20 
minutes the operation is reversed. T'lie an nei essary to support ( onibuslion is 
drawn through an^air ink t on the sid<* of tiu; reversing v.ilvc, jiassing to the 
furnace throug.h chequered bn< kwork. 

Siemens Qa^flred Crucible Furnaces 'I'here are two juimip.il types of 
gas fired Siemens crucible furnaces used at the jiri'sent time, big 22 illustrates 
the furnace which is known as the “ordinary ” type, and which diltcrs from the 
“new form” in liavmg two regenerators on eat li side of the melting lujies for 
gas and air, instead of one for .nr onl). 'Fhe gas producer is also bmlt separate* 
from the furnace, whereas in the “ new foim” Siemens it forms part ot the main 
structure. 

In the “ ordinary ” furnace jt will he observed that each melting ch.itnlier con- 
tains 6/:rucibles. Fi^. 23 ([>. 6^) shtiws sectional elevations and jilan of the melt- 
ing chamber, which is njade as small as [lossible, and arches over i!h‘ rruribles 
to throw the heat dowu upon them. 'To protect llit* bnckwoik ol t“ath of the 
ports in the melting chamber, loose blocks made of higli relrailory material 
are fitted over the^ walls separating the ports from ea< li olhei. W hen worn out, 
these c^n be replaced •inore easily than the liuilt-up biickwork, it lx mg ncK s- 
sary to pull down the covering arches to rejiair tlic walls. The gases arc 
purposely baffled in their progress around the rriKihles, to prt vent tlu'm from 
escaping too quickly. This furnace is more fully destnbed in ( liaptcr VTII. 

In the “new form” .Siemens furnace, •shown m big. 24 (|c 6q), the melting 
chamber contains 16 crucibles, and the gases travel about 23 feet m tlicir passage 
through the chamber, 'Vp maintain uniform temperature throughout, frequent 
reversals of the gases are necessary. In the early experiments with the Siemens 
furnace with long melting •chambers, it was found that the charges in the 
crucibles at the middle were not melted so quickly as those near the ends of.ihe 
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chambers where the flame was hottest. Perfect control is now obtained by 
baftling the escape of ^ the f^ase^ and by reversing their direction about every 
20 minutes. A more complete description of the “New form” furnace is 
given in CTiapter VIII. 

Anthracite-fired Crucible Furnaces. — The Anthracite-fired crucible furnace 



Sectional Elevation 



F'li'.. 22 - .SuiiKiis tiud C'lutililc Furnace. 

* 7 , rr, Mclliiny ho1< s , ( iiuiMcs, t/, . c, c, ( i>inl)uOion chamtx'is; f, f, 

Gas p'lits , Alt I'oiis , //. A, ( i.\s I, i;( IK 1 n,.t> , A, k. An k c ik lanus , /, ( i.is mlt'l , w, Cias 
rcvci sun; \alsc , r/, .\n u\civini; \al\(' , ( liimiu')’ llvK , ( liiiiin •) lliu dainjHT. 

was first developed in America. It (gliders from tlie ordinary Huntsman furnace 
in one or t\\o paitieulars only ; (i) A much thicker bed of anthracite than of 

coke is necessary owing to the slow'-burmng nature of tlie fuel, and consequently 
a deeper furnace is required; and (2) the ashpit below the grate is closed, and 
into this a blast of low-pressure air from a fan is delivered through a 3-inch {)ipe. 
The outlet Hue in the melting hole through which the waste gases pass is 
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arranged in the same manner as in the Huntsman furnace, hut the waste gasrs 
are utilised as a nile for raising steam in boilers which arc j>lacc(i in suitable 
positions in relation to tlic furnace to receive thcdieai. 



Section on C D 


Natural-Gas fi^d Crucible Furnaces. -In the United Si.it. s wliere n.ntural 
gas is plentiful, crutihle furnaces arc siKaa sstully (.•inplov d uitli naliiral ga.s 
as the healing ugent, whu li can be used in most designs of i oal-g.is lircal 
furnaces. ^ 

General Considerations in the Design of Crucible Furnaces. iMom the 
various t)jies of furnacts di serihcd iT will he olisi rved that the i riu il)!t> lurnacc 
consists of firebrick cliainheis of difii n nt designs in which .ire i>l.i(cd (ineihies 
containing tlie m.^etials to he mclliai, Tfie heat for nn-llmg tin* rijiilents is 
(ithcr generated in the chamber, or enters and passes through the (hamher from 
an external .source. 

Ideal Design of Furnace, — 'I'he ideal design of crucihle fuinaec rei ommend.s 
Itself in tliat it gives - 

1. 'I'iie greatest out[)ul from eaeli ('rneii)le in the shortest time. 

2. 'I’lie lowest con.sumplion of fuel per ton of steel melli d. % 

3. 'The maximum number of heals from each ( rueiiile. 

4. 'I'lu* maximum endurance of the furnace to sav<' frequent relniilding. 

1. Output of Steel. 'J'o^ohlam the greatest output from (rinibles m the 
short! V time, llie design of tlie furnace must be such as will concenlr.ite as 
much heai as possible? y[)on the f rucihics without destroying thmi 'I’lns prin- 
cijde has hi'en apjihcd,to the various furnaces, vi/. . - 

(./) 'The single-crucihle t>pe of large cap.n ily, where the whole body of heat 
surrouftjs and is concentrated upon the cru< ihle, 

{!>) 'I'he doul)leK:i?iul)le type of chamber in which both cruciblrs, each of 
small ca[)acity, arc heated. 

(c) 'riie multi-cru! ifile tyjK.* of cljainher in which sevcr.il crucildes of small 
capacity are 1 eated. 

JiJ. Fuel Consumption. 'I’he consumption of fm 1 per ton of sled melted 
de[)ends on the design of the furnace, as well as upon the c.ilonfic value of the 
fuel and its complete combustion m tin* pro[>er pait of the furnace-, 'bhe use 
of coal producer gas, ofl under pressure, and forced draught for cf)ke*firc(l 
crucible furnaces have doije much to effect ec(moiin< s m melting steel in 
crucibles, 'fhe rapid jxissage of the hot gases through the furnace to the llues 
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ha« led to their being used for heating the air which enters and combines* with 
the fuel. In this direction the* use of regenerators has brought about the 
reduction of fuel costs. The ‘size, sha|x;, and number of crucible chambers in 
furnaces also play an important j)art in the fuel economy. 

3. Nmnber of Heats ft:om each Crucible. -The number of heats from each 



crucible depends upon the quality, size, and use of the latter. The design of 
furnace -and character of the fuel, as well as the direction of the flame upon the 
crucibles, influence greatly the life of the crucibles.^ 

4. Endurance of the Furnace.— The endurance of a furnace depends, 
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(rf) upon its construction, (/>) uj>on the fire-resisting qualities of the materials of 
.^hich it is built, (c) upon liie intensity and duration of the heat to which it is 




a, Melting' th.unJx'r . Crucil^Ks; r. CokoU-.l; V.iull ; (,as (noduMr, fj. Air 
rrf'< nci.itors. 


subjected, and upofi its intermittent use. The cost of upkeei> tlierefoie 
factor of some importance. 
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AfAXC/FACTl/JiJ!:* qp^ CRUCIBLES 

Cruciiu.fs used in the manufacture of steel arc of two kinds Clay and 
Pluniba^'o. For melting pig iron and scrap and/)lher materials for steel castings, 
plumbago crucibles are found more economicaj as a rub than clay crucibles. 
The objection to the absorption of carbon by the charge from the materials com- 
posing the pot is sometimes offered as a reason for not using plumbago crucibles. 
In higher (pialities of tool steel making, this jioint is worthy of consideration, but 
for melting mixtures for various qualities of castings the plumbago pot is as good 
as the clay pcjt. 'Fhe life of a crucible depends in no small measure upon the 
human element, for in the hands of some furnace men, crucibles will last 25 per 
cent, to 50 [)er cent, longer than in those of others. 'I'lie average number of 
heats obtained from a clay ( ruciblc of 60 to 80 lbs. ca])ac<'ty for melting tool 
steel is 3, or one day’s work, while for melting {)ig iron and steel scrap for steel 
castings, 4 to 5 heats can be obtained by a careful man. 'I'he average number 
of heals obtained, on the pther hand, from a plumbago crucible of 60 to 80 lbs. 
cajiacily for melting tool steel is 4 to 5,^whereas when used for melting mild 
steel c uttings and .scrap for steel castings, *12 to 20 heats may be obtained, and 
from 20 to 25 heats when a large proportion of pig iron is used in the charge. 
It is often by observing small matters that the life of 'crucibles may be 
prolonged. For instance, with each successive charge of material, the melter 
reduces the weight of the charge so that the level of the moltep steel is difterent 
for each melt. This is done to prevent undue chemical action in one place by 
the .slags round the inside of the crucible at the surface of the steel. 

• 'Fhe manufacture of crucibles is no small item in the crucible steel industry. 

« In 1894, Mr. Hadfield ^ (now Sir Robert Hadficld) stated that “Sheffield now 
uses weekly some 14,000 clay crucibles in which to fuse steel,” and considering 
the growth in the industry since then it is only to be expected that this number 
has greatV increased. 

Clay Crucibles 

Sizes of Crucibles. — Cnicibles arc made in various si/.es* although in the 
Sheflield district the crucibles most commonly used are from 16 inches to 20 
inches high and about g inches diameter at the largest part. 

Materials Used.- 'Fhe clays used are : China Clay, Stourbridge, Burton 
and Stannington clays, to w’hich arc added small quantities of burnt clay, coke 
dust, and sometimes old ground ix)ts and cinders. Crucibles intended for the 
manufacture of steel castings are usudlly made with a somewhat larger proportion 
of coke dust than those used for tooFsteel, as the addition of coke dust makes 
the pot^more porous and allows for more contraction to withstand the greater 
variation in temperature to which steel foundry crucibles are subjected during 
pouring. Again, the crucibles used in a foundry are usually made with a thicker 

* “Journal Iron and Steel Institute,” 1894, U. 
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C(Jg< at the top to enable the pot all the belter to wiihstatul the variations in 
heat j otherwise they would be liable to crack and lose their hhajK; through 
exposure to the cold air. 

Mixing the Materiala — After the materials h!lve Ixx'n proju)ttioncd out, 
they are thrown together into an 0|>cn metal frame some lo feet long, 8 feet 
wide, and 8 inches lo inches ikeej), |)laecd on tin' riie mixture is then 

formed into a ring, water is poureil in, ajd the clay is r^ ady fur treading," 
Iphich is done by tin? hare feel^; tiu: object being to knead all the materials 
» thoroughly together# and by s<juce/mg all the air out of the mass, to leave 
it i)erfcctly Jioinogencous. Mai hines have on se\eral occasions bee n tried 
for performing this mixing and Jcneading opeiation, without satisfactory 
results. * ' • . 

After the clay has been trodden and turned over for about 4 nr 5 hours, it is 
cut up into pieces and weij^/ied, each pu re being sullu leni to make one 
crucible. 'I'he clay«s then tajven ami “balled," by lilting tlu* clay above the 
bench and throwing it down conlimiously for two or three minutes to remove as 
tar as possible any air still retained in the mass, and to bung it into the requisite 
shape for making into a rrm ible. 

Moulding Crucibles by Hand, (ienerally, < rucihles h)r (oke fired furnaces 
arc made bydiand and ha\c a hole left in the bottom alter llic process of 



I’le,. 25. — f’hig mi'l Fla^k for M<’uMing ( riuoNUs hy ITaml, 

c, Plug , Flask ft:, M< lho<l*of stripping ( rm il>lo fiom (t isk , !■ iii'sln U < ru< ihic. 

• • 


making. The mouldftig is done hy means of a “ j)lug " and “ flask," h'ig. 25, 
a and b. The flask has a loose bottom with a hole in the centre whicli allow’s 
the pin at the lower (;uid of the plug lo enter and thus ensure the plug and flask 
being concentric. After the flask has been well oiled, the hall of clay is dro})[>ed 
in, and the plug inserted and >vorked into the clay until the latter has been 
forced about halfway up the flask. •The plug is tlu n struck on the top with a 
heavy wooden mallet until the clay is brought level with the top of the flask. 
Afterwards, the plug is withdrawn and flic flask with thii newly made crucible 
inside lifted on to a small post, which allows the flask to drop down, leaving the 
loose bottom with the crucible upon it, standing on the post ; see Fig. 25, c. 
The mouth of the crucible is then pressc<l inward by what is called a turning- 
in dish/' to lessen the possibility of spilling the charge when the crucible is in 
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use, and also to prevent the mouth of tlie pot from being chipped. Fig. 25, 
is a section of a coin[»lelcd clay crucible. 

Moulding Crucibles by Machine.- Crucibles are often made by machine, in 
which (ase'ihr pots have solid bottoms. Crucibles of this kind are made cither 
in a hydraulK' pre ss, or in a screw i)ress. 'I’lie latter ty])e of machine (Fig. 26) 
has been made lor o\er 30 )ears by a bliiflieU firm, and, is to a considerable 



I'lc, 26 — M,nlnn( for nnbing rriirlblc'^ (^’toulc) ’s ) 


extent replacing the plug and tlask for making crucibles by hand, although this 
latter aiul (>ldei nicthod is .still commonly used. 

Drying Crucibles. Alter being moulded, the crucibles have next' to be 
diied, and this operation must be very carefully and gn.dually perfor^ned. In 
small woiks this is often done by putting the crucibles m front of the melting 
hole in the cellar and luimng them round as tliey get warm. A. belter way is to 
dry the jiols 111 a shed built at the back of the furnace stack, the crut ibles being 
j)laced on shelves round the shed (but not on the stack side), which is kept 
waim by the lieat of the stack, gradual dr) mg thus being ensured. The 
method which finds favour in works where*a considerable number of crucibles 
are used, is to dry the pots in a specially built drying shed heated by gas, and 
capable of holding 500 to 1000 crucibH^s. 

When thoroughiy dried they are removed to shelves carried by the face of 
the fuinace stack inside the melting house, and ke[^t there for three or four 
weeks to’’bo seasoned. 

Annealing Crucibles. — It is most imjxirtant tlitit the cmcible be annealed 
before use. The grate of an annealing stove (Fig. 27) capable of holding a 
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suffident number of crucil)Ies for the day’s nielling. is com i i d wiih a hycr of 
red-hot coke, and upon this the crucibles are plat ed nuniili downwards and 


surrounded by coke, which is lift to burn 
through, taking alunil 20 to 24 hours. At 
the end of this limi‘ the crueiblt s, at a dull 
red heat, are ready t(^ be lransterR.“d to the 
melting furnace • ^ 

• Crucible Lida and Stands /rhe cru- 
»cible lids and staiuk are gemaally made 
of an inferior inixtuie t)f clay to that i;sed 

(t\r rriw'ilih c 'I'lw' m. ,,l 


v»vv-/, 

0 ■ t .. 



for the crucibles. 'I'lie nuthotl ()f““4read- 
ing,” however,* IS the 'same, and the day 
IS cut into pieces, and < at h piet e thiown 
into an iron ring tt) gi\e it Uie recpiiud lie 27 - \tin, Uin ; si f >r ('m, illrv, 

(M >U bus, ^^(,uul,^s, ..(ok.. 


ri-i'Mii \(,( > C'Kr< iiu I ' 


In A m< I It a a I id on the f oni 1 11 1 nt , | 1 u mbagt > c nit il )lt s .ai e moi < ■ <'om rnon ly 
used than in kngland, and in the I niltd Matts those ol i.e. lbs tapacily are 
generally iis.^l. 

Materials used As a rul(\ plumbago ciueibles art' made ol a mixture of 
( eylon grtiphite, < and port* sand, tlie lin.il t omposiii.tii ha\iiig ,in ai^jiioxi* 
male anal^sis*ot — , 

Caubon, 50 per eent. ; Silica, 35 jht cent, ; .\lumina, 11 per tent.; Iron 
Oxide, t'tc., 4 j)cr cent. 

Preparation of Materials and Manufacture of Crucibles 'I'be clay ubcd 
m the maniitaclure td' these ciut ibles^ is Inst drit'd and ground, and tli< n made 
into a paste with watt i to ulutb tlu' gr.ipbite and sand aie added, the wholt' 
licing thoroimbly i*i\cd. 'I'he mass is thru .illowed to u mam foi s( \t lal days 
in a damp plate befort! being w<>rke(l up. Ibis hitter opt rhlion is perfoimed 
by (lilting oil a pict'c from the mass, km.idiiig it, and ()la( mg it mside .1 mould 
\shich is spun in a jioller s whet.l, the inside being foniied to iht* riijiiiied 
sluij.e by means ol a proldmg tool. .\ny smplus material is aft( rwards cut 
away from the iim ol the ciuciljle, which is dried for about twenty-four lututs at 
normal atmospheric It mpt'raturt*, and slei kt.'d tjvt r. I he* liygrost opu w.iter is» 
siibstsiuenlly dri\en off, the erucibles being maintained at a sulfit leiilly high 
temperature for about throe weeks to allow this to be will (arrittl out. 'I'lie 
cuicibles are then slacked in ‘Jsnggt.rs” and annealed l(;r about t}iri(>.days at a 
teinjxrjilure of about 800' (J. m an annealing oven, at the ( nd ol wliu h period 
they arc t{,ioroiighly ailnealctl and ready for use. 

Styrian Graphite yrucibles. .\t Kaph nburg, the print ij al scat of criirihle 
steel manufacture m the Austnan Al{>ine rcgitui, the t rueibles ust d are made of 
Sly nan graphite* niixed with t lays in difierent proportions. 'J he grajdiitc as 
used for crucibles conlums* - 

( arbun, 77'8 j)er cent.; Silica, 1304 [ler cent.; .Mummn, fei2 p( r tent.; 
herric Oxide, 0*44 jier cent ; Potash, ^0*43 per cent.; I’liosphurit ( )\)di , o ui per 
cent, ; Water, 1-95 j^er cent. 

1 he clays used are dried, crushed to fine powder, then mixed in mixets and 
worked into a paste in suitable troughs. 'I'be moulding of tb< t lut ibh s is done 
Ju power presses. The drying is done very gradually in a room m which 
special heating apj)aratus' is employed for sending cui rents of warm ifir round 
the shelves on which the cru^'ibles rest. 

‘ “School of Mines Quarlcdy,” xnl 29, j). 329. 



ciiAi'Ti: R*yi 


Ci>k-F-!'lh'l-:D CRCCIHI.E Fl'RXACk. //r\ J,s.UA X [ 


Description of the Furnace. — 'I'Ik* cnin 1 )l/^ ftjrnacR' of the 
I fiinlsiuan type, shoun 111 28 and I*^g 29, ronsists of 

a boric'S of pot lioK s spaced about 3 fLCt a[)art centre 
to centre, < a( h made to re( eive two crucibles. ^The liole 
IS alioiit 3 feci b inches deej) from cover to fire bars, 2 feeti 
3 inches lonp^ from b.ic k to front, and i foot 6 inches 
wide; ibis allows of a body of coke a few inches tliK'k 
round each ( rucible. d'lie shape of the bole (usually oval) 
is obtained by rammin|.t moist yanistc r round a “ former,” 
shown in I ig. 30, placed on the fire bars. Round the top 
of the ^anistcT a lew layers of firebricks are so laid as to 
close m the top of the* hole, on which is j)laced the* cover 
jilale. 'I'he mouth of the hole, which is on a level with 
the floor, is about 15 inches by 13 inches, and is covered* 
with a firebrick about 18 inches long by 16 iiicIk's wide 
by 4 inches thick, fastc'iied m a frame. A handle is fi\(‘d 
to the fiame, which afforcls an easy means for its removal. 

Operation of the Furnace.— When newly built, the 
furnace is allowc'd to dry naturally for some days before 
any lire is pul into it. l ic*al is usually ajijilied very slowly 
by mc'ans of small wood files with additions of coke as 
the drying proceeds. 'J'his initial and sometimes tedious 
pait of the woik must be carried cjut carefully to avoid 
crac ks and faulty draught afterwards 

b’or a furnace whicdi has already been in use, the 
.day’s work begins by chipping oft liom the* inside of the 
hole all the adhciing slag from the previous clay’s melt 
by means of slagging bars. The fire bars, usually five m 



Red brick 


Firebrick 


» Sectional Elevangn^ 

I’lo. 2S.— Huntsman Cokc-firod Ciiuildo f'ciyiace; Modern Type. 

, Mcltinj^-hole , b, b, Orm il)l<'s , r, KiroLlay stands, J, .Vshpu ; r, Chiinncy-llnc , /, Auxiliary 
cliimnc) llue , Chimney ; h, Melting hole co\cr , /t, bhelf fgr drying crucibles. 
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then taken from the annealing fiimnrc and earh placed on its stand, the holes 
being filled up with coke to the level of the too of the erucibles. When the fuel 


Fig. 29— Crucible Melting Furnaces (Messrs '^air.uel Osborn i: Co., 
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bums through, the crucibles are at a white heat, and by throwing a small 
quantity of sand into them, they are fused on to their fireclay stands and the 
, hole in the bottom of each filled up. 

As soon as the sand is frittered to 
the crucible, the ‘‘ puller-out ” 
charges the n^aterial by means of a 
i I « ‘‘charger,” shown in Fig. 31, which 

1 is fitted over the mouth of the crii- 

1 cible. 'I'he hd is then put on, the* 

1 . hole filled up with coice, the cover 

I y ^ ♦ placed over the holp, and the fire 

1 • left to burn through. This fire is 

1 called the “ steeling ” fire, and usually 

1 I requires to be renewed three times 

after it has burned through before 
Kir.. 30. M.hmK- l i... '.i.-Clinrq, r f„r U'C clwrge is ready. Kor thf second 
hole Fornur. filiin^; Cniublcs. heat tw'O fires, and for the third heat 

one fire, usually suffice. 

During the intervals of coking and casting the annealing furnace is filled 
with crucibles for the next day's working and lit off, and if ingot^a^re to be cast, 
the ingot moulds arc [)reparcd. 

The control of the furnace is under the charge of llie head melter, who with 
the “puller out” regulates the rate of melting. Each pothole tias a separate 
flue to the chimney, as well as one in the cellar which admit'^ air to Hie pothole. 
By the use of a brick damper in each, the heat can be regulated at the will of 
the operator. If the nuJiting is jirocceding more quickly m one pothole than 
in another, the brick is jilaced in the flue ielw'cen the jiothole and the chimney. 
If the melting is jirocecding too slowly, the brick in the cellar flue is drawn to 
admit more air. , ^ 

When the steel is properly melted and any necessary ferro-alloys and other 
additions have been added and melted, the “ puller-out,” with arms and legs 



(^) and (c) DouMc-liandlcfl Tongs for carrying Crucibles. 

covered with wet sacking, introduces the pulling-Out tongs (see Fig. 32), and 
lifts the pot out on to the floor. After the removal of the clay lid, and the 
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ikimming of the slag from the metal with a “mop” a thin bar with a knob 
of slag already attached to the end) the steol is ready for i>ouring into the 
moulds, the crucible being handled by means of single tongs (I'lg 33, a) or 
double-handled carrier (Fig. 33, /> and ^). As soon as they are empty, the 
crucibles are usually replaced in the furnace and brought U[) to a vrtute heat 
before being charged ^gain. The^drst heat takes from \ to 5 hours, the second 
heat about 3^ hours, and the third heat ^bout 2J hours, the tinu'* varying 
according to the class^f material being melted and the degree of refinement 
•required. • 

Output vd Cost of the Furnace.— To produce 25 tons of liquid steel f>er 
week, or 1200 tons per year, it is fie(;essary to have at least 12 melting holes, 
working contiguously * from Monday iflormng unWl Satunlay midd.iy. h'.ach 
hole is made to contain two crucibles having an average lapacity of 75 Ibu. 
each. • 

The cost of a furnace of this^size is approximately ^900. 

# /. Annual charge for depreciation (iV, 10^,, = 

,, „ interest of 5';^ -- y 

^ 'Fotal chaige ^iJS 

• . 135 X 20 

Cost per ton of licpiid steel = ' = 2s. 3</. 

^ • 

Working CoUs (/or ion of liquid s tod for cot bo ft deol castings) 

Cost of Repairs. — In Shetrield and other district;^ it is usual to reline with 
ganister every three to four weeks J'urnaces which are m ()i)eration during 
day and night shifts from Monday until Saturday rach week. It is false 
economy to continue using a melting hole wlu'ii the lining is .s<j laige as to 
waste fuel, 'this i? what hapjx^ns as the ihelting holes become large. Fvery 
time a melting hole is lined, the brickwork round tlu' toj) of the furnace is 
rei>aircd or renewed, and every year the furnace vsalls and Hue outlets are 
rebuilt. The total annual cost for riqiairs varies with the conditions of working 
the furnace and the quality and cost of the refractories used. 'I'he average 
cost, however, for a 12-hole furnare is ap[)roximately 4s. 6d. i>er ton of .steel 
melted. 

Cost of Fuel. -As the waste heat from the fuel is not utilised in the Hunts- 
man Furnace, the average consumption of coke per ton ol steel melted i.s 
higher than in some of the oilier types of furnaces. 'The amount consumed 
de{)endsi, of course, upon the nqture of the materials melted. 

When melting mat^r^ils for the manufacture of tool slec 1 , it is necessary to 
use the best washed coke in which a minimum jicrcentage of suljihur is found. 

1 he consumption of coke per ton of .steel melted is z.J to 3J, tons. When 
melting scrap ste«;l and jiig iron for steel castings of ordinary (piality, the 
consumption of coke Averages 1/ tons jier ton of steel 'I'lius with coke 
at 23^. 6 d. |xir ton, the cost of fuel per ton of steel melted -- fi n. 
approximately. 

Cost of Crucibles. — ^Iloth clay and plumbago crucibles are used. In the 
Sheffield district clay crucibles are very largely used, as many years' practice has 
made the Sheffield workmen expert in producing crucibles of good (juality, and 
at a low cost. When melting mild steel scrap with a small proportion of pig 
iron for the manufacture of steel castings, an average of 3 to 5 heats are* melted 
in each clay crucible, whereas a plumbago crucible of good (quality will stand 
an average of 15 melts. ^ 
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The cost of clay crucibles per ton of steel melted is taken at los-. 6 d. 
approximately. 

The number of [dumbagu crucibles required per ton = - - = 2 (nearly), 

75 ^ ^5 

and at 9I. 6 ti. each, the .cost of plumbago crucibles per ton of steel melted 
= 191. apjiroximately. • ^ 

Cost of Labour. — No uniform^ system is adopted for paying the men 
employed on crucible furnaces. Some firms work orf the premium system, 
paying a daily wage, with so much extra [)er ton of good steel produced.* 
Other firms .idopt piece-work systems, Jsiying .so miK'h to the melt^T or the one 
in cliarge of the furnace, while he in turi; etnploys and j)ays his gang. Other 
firms again pay their men a.defmitc \xa.t;e per shift, with ‘or without a bonus on 
any saving effected in the coke consumption. 

'I'he following hands are (.mplo)ed per ^hift for operating a izdiole 
furnace : — « 

One melt( r. 

I'wo “ j)ullers-out.” ' 

'Two coke wheelers. 

One labourer or odd-man. 

One cellar lad. • 

• 

The charges are weighed by the inelter, who is also in charge of the 
furnace. ^ 

The “ pullers-out ” wati'h the melting holes, add ciA-xj when* rcijiiircd, and 
when the steel is melted jnill the enu ibles fioin the lurnace 

The coke wheeKis b^ng the coke from the bins to the futnace and help in 
prejiaring the ingot moulds if tool steel i'. being made. 

'i'iie odd-man assists generally, .mu attemK to the crucible-annealing 
furnace. 

'I'he cellar lad is employcal making lids and stands, artd gives warning of 
running crucililes, etc. 

At ditferent furnaces, even in the same district, the dutK^s of the gang are 
not the same, so that the above routine is \aiiable 'I'he tot.d number of hands 
cmjiloyed, however, is .ibout the saim: for like furnaces. 

'I'he cost of lahoiii is ap[)ro\imalely as follows . - 



n 

1 

i) 8hilt 

Ni 

/: 

dit 

</. 

One meltcr .... 

. . 0 

7 

f) 

. . . 0 

9 

0 

'I’wo jmller.s-oiit . . . 

. . 0 


0 

. . . 0 

'5 

0 

'Two coke wheelers . . 

. . 0 

1 0 

*0 

. . • . 0 

I 2 

^0 

One labourer . . . 

0 

5 

3 

0 

• 

0 

f) 

0 

One cellar I. id . . 

0 

0 

. .* . 0 

8 

6 

'Total 

• 

18 

6 

a.-- 

5 

6 


'The total we< kly wages = *9 o 

Adding loo'.’o l^ml exjienses foi Foremen, 

C'hemists and Management .... /J22 19 o 

Total /,45 18 o 

/'45 o 

Cosf of labour per ton of steel melted = " 16 9 

Cost of^Raw Materials. — Assuming that the (piality of scrap and pig iron 
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usai'will produce castings of good quality for ordiiury geiu ral jnir[H>sos, tlu- 
follovking is a typical charge : — 


60 lbs. of mixed steel scraj>, 01 5“,, carbon , 


0 

0 ton. 

13 lbs. „ steel castings scrap, o‘35^\, cailmn {it\ 

/.4 

0 

0 ton. 

5 lbs. ,, hematite pig (broken), 4V0 carbon -a; 

t 

10 

ei Ion. 

The cost of meltctl steel— 




• 

• 

c 

< 


Raw m.itenal 

1 

0 

S 

Alummiuln i lb. . .... . . 

Plus 3''<j loss in meltm;; 

0 

0 

1 

7 

S 

• • 'i'etM . . . . . 

1 

-> 

1 1 

^mmary of Costs. 

Cost of Furnace ^900 




/ 

f. 

I 

^ Depreciation and Intercut . . . . 

0 



Repairs . . . . 

0 

» 

0 

Fuel . . 

3 

1 

1 

CriJClhleS . 

0 

10 

0 

Uahour . . .... 

1 

1 (< 

9 

Raw .Materials (including additions and loss) 

•1 

2 

1 1 

« • 'I'otal ('osl i»cr ton of liipnd steel . 

'Ll 

6 

6 
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Cri:<'ii5Ll Fukn\<l with Four CRU(’iiu,ks in JCa( h IIoij-. 

Description of the Furnace. l‘^i small foutidncs making steel (nstmgs of 
ordinary (pialit) for (’olliery, Kadwa), Marine and 

(Jenernl iaigineeriBg woik, it is not unc rflnmon to i [ ' 

use furnaces will melting iioles each capable of taking j [ 

' 4 crucibles, d'iiese art- designed as a rule to take | u r 

' cruciiiles from 6o*to ICO lbs. rapacity. 1* ig. 3 j shows i , , I 

sectional plan and elevation of the melting hole of the 
furnace. 'I'he design difllrs from that of the Hunts- 
man ty[M* jirmcipally in the form of the melting 
chamber, ^^illch in plan is the shape of a sijuare with 
rounded corners, the object being to jirovide an 
uniform space for fuel all round the 4 crucibles. 'I'he 
furnace^ are built as a rule witfi a number of nu llmg 
holes coniy?cted to slack, ’the regulation of the 
draught to each being made by dampers in the flues. 

'I'he Cellars below' the furnace floor for access t(j the 
ashpits, are builT in a similar way to those of the 
ordinary Huntsman furtiace. 

Operation of the Furnace. -When working the 
furnace on day shift only, it is raised ^to a high tem 
I>erature each morning before the crucibles are intro- 
duced. 'I'he four crucibles are placed rlq^e to each 
other and brought to a good heat before being charged 
wath the raw materials. When jiropcrly packed, a 
clay hd is j)laced on the top of each crucible, and the melting hole is fillbd with 
coke all round the crucibles and up to the top of the furnace. During the melt 
an examination is made from time to time, to find what progress is being made; 


) i A j 


le, 3 } ( ..I - (in '1 ('rii- 

( il)l' M< I ln|c lot four 

(.rucildf ■>, 

, .M< Iiiii); Ik.I'- , < 'nicilyk'S ; 

(Jut!' l Mil'’. 
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sometimes the crucible is pulled out for this purpose, although more frequently 
the state of the melt can be determined by means of a small iron rod which the 
melter inserts in the molten steel. He can judge very nearly the temperature of 
the material by the appearance of the rod after it is taken out of the molten 
steel. The first melt takes about 4 hours before the crucibles are ready for 
pulling out. As a rule three heats arc obtain^ during the^ay shift. When the 
crucibles are removed from each meeting hole, the fires are cleaned immediately 
and made ready to receive the empty crucibles again. *Thc second and third 
heats are melted more quickly, the average time taken beiitg about 3 hours for» 
each heat. , » 

Output and Cost of the Furnace. -Us inj^ crucibles yielding ^on an average 
75 lbs. of steel each melt, Uie daily output (working day shift o*nly) from each 
melting hole is 75x4x3 = 900 lbs., so that twelve holes in regular o[)eratioii 
would yield 4^ tons of Iniuid steel per day, ♦r 25 tons per week. Such a 
furnace, having flues connected with one mam st<ack would cost vvilh slack about 
2 * 200 . 

Annual charge for depreciation (a) 10% = ,6^20 
,, j, interest 5‘^o ” 


Total charge . . . 

Cost [)er ton of iKjuid steel = = ^s. 

JVorkuii^ Costs [per ton of liquid steel for caibon stetl easfuie^s) 

Cost of Repairs. Iwyry four to live weeks the inelling holes are relined vsith 
ganister and the brickwork aiound the top replaced. Every twelve months the 
walls and arches are rebuilt entirely, togetfier with jiart of the lines nearest the 
melting holes, d'he average total cost of monthly and annual repairs is approxi- 
mately 5J. per ton of steel melted. * «• 

Cost of Fuel.-- lly reason of the compactness of the melting holes, less fuel 
is used than in the ordinary Huntsman furnace dealing \sith the same raw 
materials. The average consunqition of coke is ij- tons per l(^n of steel melted, 
when charges of scra{) steel and pig iron are used. 'Taking coke at 23^". 6 d. per 
ton, the cost ])er ton of steel melted = ajijiroximately 4*/. 

Cost of Crucibles. — by using good (juality plumbago crucibles carefully, as 
many as 20 to 25 heals have been obtained from one crucible when melting 
scrap steel and [Mg iron. The aveiage number of heats, however, is 15, or an 
equivalent of 1125 lbs. of steel per crucible. The number of crucibles required 

r . 2240 /IN 

per ton of steel ~ * (nearly). 

'Therefore the cost per ton of steel melted \vhen the price of crucibles is 
taken {ai 9^. C)d. each — approximately 19^. 

Cost of Labour. — 'I'he gang enq)loyed consists of the follqwing ■ - 

' / d. 

One teenier 076 

'Three “ pullers-out " @ bj-. 6i/. each o 19 6 

Eight labourers (d s**', each 200 

Total /'3 7 o 

Part expenses for Foreman, Chemist and Management . 3 7 o 

'Total cost per day for output of 4^ tons . ^6 14 o 


Cost of labour per ton of steel melted = approxin\ately f^i lof. 
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COit of Raw MaUritl*,— The cost of raw materials 
per ton of steel melted. 

is taken at 

,Ct a. 11./. 

Summary of Coats. * 


• 

Cost of Furnace, ^1200. 


• 


/ 


Dc{)r<,‘Ciatioif and InK n ''i 



Repairs ... • 

^ S 

0 

Kui 1 

I 0 

-t 

' Cnirihles 

0 1 < ; 

0 

Tnltour and Mana^enu-nt . t 

1 1 () 

0 

Raw ^laurial.s (includin’^ .additions and lossi 

1 

1 1 

'lota! cost pel ton of Ia«piid Steel 

• 

• ,L ') 

i 



CliAPTI'R VII 

COKE-FIKF.D CKFCIFI.F IVUXACFS WIl'H FOKCFD DRAUGI/T 

• 

'I'liK Miller, Radio, and Lindeninnn furnaces described in this cliapter belong to 
the f(jrce(l draught t}[)e of crucible furnaces, and have bet'n designed Vith the 
object of obtaining inoi<‘ rapid melting and a lower consumption of fuel than in 
the ordinary coke-fired furnaces. 'I’o this end (he uastc beat from the melting 
bole is utilis(d for beating the air which is forced undei piessurefnto the furnace 
through the Hues siinounding it, which peifoim to some extent thC functions of 
the Siemens regeiieialor. 

TIIK MlhPKk I'rUNACK 

Description of the Furnace Sei tional ele\ations of the Miller Oucible 
Furnace are slu'iwn in fig. 55. 'I'he maniu r in which the flues are I'oiistructed 




35.— Cokc-fireH Crucible Furnace with Forced Draught, 


a, Moiling bole , b, Ciuciblci ; c. Grate bars , d. Air inlet ; e, e, Outlet flues ; /, Ashpan ; 

g. A". 


forms the special feature of this furnace. Inside the outer lining of firebrick is 
fitted a metal casing, which is lined with fireclay and magnesite. The bottom is 
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supported on brackets in which are fitted the hearer bars that carry the fne bar^ 
forming the grate. Just below the grate is the a*^l',pan, tests on firc- 

brfek. It contains \^nter for cooling the ashes as 1I14 V fall, causing ,\apoiu lo 
rise and mix with the air, whic h assists in tlu‘ comhiistion of the gasi^s in the 
furnace. I'he direction of the lieatcd air is indicatid h\’ airows on the illus- 
trations. 'rhe amount of air is regelated bi-fore it passes through tin* inlet flue, 
grate, and jxirt-holes to tlie melting chamhe* As the outlet thus heAune hot 
from the gases passing to the chimney, the air of conil)ustu)n is luated, with the 
•esult that the cost of fiu-l is Kss than that of tlie orrlinarv coke furnai’e. 

Operation^of the Furnace.— In startling up a new lurn.u e, the g( lu lal practice 
of allowing the brickwork to dry natiir.dly hi (ore inlrodiicmg a tiie is ohseivid. 
'I'he drying being thoroughly done, the furnace is Inaled witli wood and coke 
until a melting heat is nsiched. 'The (hniged crucibles an* then placed on fire- 
clay blocks, which rest upon the lire-grale hais, '1‘he nu Iting hole is filled willr 
coke closely [»aek( d arctuiul the criuihlis. A eo\ir closi s the op< mng at the 
top of the melting linle ; each erm ihle also has its own lid 'I'lie Mast is turiu d 
on, and'in about two hours a < barge of mild steel seiap weighing 7s ll>s. 
can he melted 1 he siiapmeltcd in this time contains fioiii oi to 0*15 
jH r cent, (arhon. '1 he pnssnre o( tlu* blast <an he regulated te) \aiy the 
temjHTature of tfle furnace , the* pie ssurc fouiul most suitable' lor nu-lting mild 
slet 1 IS te) 5 Tnedu s water gauge. I Hiring the me-lting, the- wale r m the* ash pan 
i.s re lU We el Ireun a pipe wiiieh p.isse-s mto a e hamlu r below the b.irs. 'I'he 
t^xammalion e)f jlu' mie ibles as tlie melting j»re)eeeds, anel the* pulling e)ut anel 
finishing ot the st<-el Aith suitable' adelitioiis, are ce)neiu(te.d 111 the otelmary 
manner as in the Huntsman fuin.ue. 

Output and Cost of the Furnace. I''e)r the- sake ei^ e eimpaiison, the e'e)si is 
based on a weekly output of .’5 te)us e^l lujuul steel .\llhe)ugh as many a.s 5 
heals ha\e been obtained in a d.iv «»f 11 hours, it is assunieel th.it ; heals e'oulel 
he ohtame’d re'gularly from one* melting lioK^ (eent.unmg 4 pots, e .le h with nil 
aver.ige- rapacity of 7^ Ihs,, thel is, a total of <)Oo Ihs, e>f steel pe r hole* per d.iy 
of 10 hours, ih' r fon-, 12 nulling hole-s would j>ioeluee p', leins per day, or 25 
tons |H'r week. I’l^' annual output would theielore* be 1200 terns m pS weeks. 

'I'her np]'rf)\imale' cerst eif each .phoN* ciiuihle fuiriae e’ when a h.illery ol 12 
iiielting-holes is inst.illed, is /,2oo, mchuiing re))alty. 'Tlu' total < osl is there fore 
^42.^0. Taking the usual ligiire s fur dcpre e ialion and inle re si 

Anmi.iM barge ferr ell pree lalion (ee ro',, ... - / ' \o 

V )) interest 5',, .... - ,/, 1 20 

• 'I'otal ( barge . . J 360 * 

Cost per*ton ejf lupnd steel — ^ j 200 ^ 

Workiv^:^ Coifs {f^r Ion of Lupiui Steel for Carbon Steel Ca^ti/n^'s) 

Cost of Repairs. — I his item is rather more than m the- ordinary Huntsman 
furnace, as the cutting actum of the blast at the port holes necessitates more 
frequent repair.s. About every 3 w'eeks small repairs are m.ide, and the lining 
requires to he renewed entirely every 6 weclfs. The annu.d cost of re[)airs i.s 
ap[)roximately ^330. 

■^o X 2 o * 

Cost of repairs per ton of steel melted = = 5r. (>d. 

Cost of Fuel. — The average coke consumption j)er ton ol mild steel scra[) 
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melted equals 30 cwts. Taking the price of coke at 2p. 6d. per ton, the cost 
of fuel [x;r ton of steel melted = 15^. 3^. 

Cost of Crucibles. — The rapid melting of the charge has a corresponding 
effect upon the crucibles. The number of heats obtained varies to some extent, 
but when using good plumbago crucibles an average of 10 heats can be melted 
in one crucible of 75 lbs. average cajxicity, 6r a total of 750 lbs. of steel. The 
number used per ton therefore = = approximately 3. Taking the price of 

crucibles at qj. bd. each, the cost of crucibles per ton of steel melted 
= £i Ss. 6d. 

Cost of Labour. — One puller-out ^nd two labourers are required for two 
melting holes. 'I'hey see to the work^ of c*harging, stoking, and teeming. On 
the following ba.sis of payment the cost is : — 

L 

6 pullers-out (a) 6s. 6d. per day . r 19 o 

12 labourers 5^. per day . . 1 ..*-300 

I’art cost of foreman, chemist, and management - 4 19 o ^ 


Total . 


Cost of labour per ton of steel melted = 


£9 


£9 18'. J 
“ 


£2 


o 


4s. 


Cost of Raw Materials. This depends on the (piality ^f the scrap and other 
materials used in the charge, but a.ssuming that they are •the sante as have been 
taken for the maiuilacture of steel Cvistings in the other furnaces, the i)rice pel 
ton would be £4 2s. iid. 

Summary of Costs. 

Cost of furnaces, £2400. 


Depreciation and interest 060' 

Repairs 056 

Fuel .*1153 

Crucibles .186 

I'orc ed diaught (charge for) .013 

liubour ..240 

Raw materials (including additions and loss) . . 4 2 ii 


Total cost per ton of Iniuid steel . . . ^10 3 5 

. 4 

'Fhc above furnace is perhaps of more use in melting additions for steel 
manufactured in larger plants operating the Bessemer, Siemens, and other pro- 
cesses. It is at present used successfully in making steel for automobiles and 
similar woik. It is the patent of Mr. William Miller, of the Mild Steel Castings 
Co., Ltd. 


The Radio Furnace 

Description of the Furnace.— Tig. 36 is a sectional elevation of the furnace. 
It consists of a cylindrical casing lined with firebrick or ganister, through which 
a series of tiers of draught holes convey heated air to the coke surrounding the 
crucible or crucibles. When working the furnace with natural draught, the air 
is drawn into the furnace by the chimney draught, but a fan is used when the air 
is supplied to the furnace under pressure. The air is conveyed through a pipe 
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from the fan to an air belt which surrounds the jwrt holes, and thence through 
the lining to the furnace. Pijx? connections are also carried from the air belt to 
the closed ashpit below the furnace, so 
that air may be forced through the gr.itc 
bars into die furnace. The amount of air 
delivered to the furn.'n:e is regulaUid by 
means of a rack and handle for earh tu r 
of holes, which move bands in the air 
hclt surrounding the furnace, and in 
which there a|e port holes. 

Operation of the Furnace.— It* re-* 
quires very liillt skill to vsork this fur- 
nace. When the lining is thoroughly 
heated w’ilh i\ood and coke, die ^ ninble 
or crucibles arc placcd«on fireclaj' blocks 
on the fire-grate bars, the furnace is 
|)acke<i Vitli coke, and the < rucihles 
charged and closed, .\llcr the <()\er is 
placed on the top of the furn.ice, a gentle 
blast is applie(.l«ir the nalur.d draught is 
insufficient, artd the process of melting 
begins. Coke is added from tiiiu* to lime 
during the 2 A hours ;;cquired to melt the 
charge. The Jrucible*is examined dur- 
ing the process to see how the melting 
is proceeding, \\hen the charge is 
ready, the cnicible is lifted from the 
furnace with a pair of tongs in the ordi- 
nary w’ay, and teemed into moulds as desired. 

Output and Cosir of the Furnace. Fronf one furnace ront.iining ^ crucibles, 
each having an .aver.igc rap.u ity of Ihs., about <) rwls. of mild spa I or wroiight- 
iron scrap can lie melted jier day of 10 hours, that is, 4 heats are obtained jMjr 
day. A.ssuinmg an output of 25 tons of molten steel per week { - 1200 tons 
per year of 48 wec'ks), 10 separate furnaces holding 4 criK ihles eac h wijuld he 
required, or two blocks, each having 5 melting boles uith a capacity for 15 
crucibles [)er block. 

The cost of the tuo blocks, with the necessary chimney, and including royalty, 
is approximately /joo. 

/. Annual ( h.irge for depreciation ((t> 10 
• „ „ mlerest (o] 5' 


Sectional Elevation 

■jC). — Coke fircil ( iuul'l<* l uriKTCc 
\\ illj Kori mI 1 >t 


/. 


\t< It inj.; Ii> >lt < nn il)!c , r , < ii.tlc h i 
\ir mil I . < , \ii Ik'U , /, I ’< >1 lit' il< -1 , j,’ .i»(l A. 
K.i<k <i)(M foi K ,111 'lUl'ply , 

i , < >iulrt ihjf 


- /70* 
■ 


Total charge 




^-* . , • , , loc; X 20 

Cost pei^ton of luiuid steel = - — n. ly/. 


IVorktri^c;^ Cos/s {ptr Ton of Ltt/Hui Strol for Carbon Stool Ca^itino^s) 

Cost of Repairs.— As the melting of th^raw materials is rarried out rapidly, 
the lining of the furnace rerjuires to be renewed fre({uently. JCvery few weeks a 
new lining is required, and, taken throughout the year, the total cost of rei>airs 
amounts to approximately 5/. per ton of steel melted. * 

Cost of Fuel. — Ordinary .gasworks coke is used in this furnace. It is 
necessary, however, to avoid using coke containing a high percentage of ash, 
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which would mean constant rlinkering of the grate bars, and more repairs ‘to the 
furnace. When using gas coke, about 2 tons are required [)er ton of steel melted, 
laking the coke at 15^. per ton, the cost of fuel jxir ton of steel melted 
= /'r lOi-. 

Cost of Crucibles. average of 10 heats is obtained from the best quality 
I)lumbago crucibles when nirlimg mild steel ^^craj), or a total of 850 lbs. of steel 
l)er crucible. Therefore, the nunjtJjcr of crucibles required per ton of steel 
melted = = 2-63. 

laking the crucibles at 13^. 6^/. each, their cost \yeT ton of steel melted 
= 13/6 X 2 63 = 15^ 6^. ^ ^ 

Cost of Labour. 12 men are roquiri'd \o operate 10 melting holes success- 
fully, the work including wl^^jeling and charging eoke, charging crucibles, pulling- 
out and teeming. 

On the following basis of payment the cost«!S as follows:-— 

* / j ,/ 

4 inillers-out fo) bf. 6^/. per d.ay . . . i 5 ^ 

8 labourers (f/j 5 f. per day . -.200 

J'art ot cost of foreman, chemist, and manage meni . . '^60 

Total . . . ,/;6 12 o 

Cost of labour per ton of steel melted = ^ J]\ 9^. g,/. 

Cost of Raw Materials, --['or comparison, this pricers taken*at fx zs, wd 
per ton as in the otlier furnaces. 


Summary of Costs. 

Cost of furnaces, ^700 " 

Depreciation and interest . . 

Ki-pairs 

Fuel 

('rueil)les .... 

Forced diaiight (cbaigc lot) 

Labour. . . ... 

Raw materials (including addiiions and 

Total cost per ton of liquid steel 


i s. d. 

• . . o I 9 

.050 
. I 10 o 

* 1156 

0 I 3 

1 9 4 

\ 2 II 

• /O 5 9 


I he pnre of steel scrap vanes considerahly in diflerent districts and at 
( 1 ferent times. Some users of this furnace prddiiee gCKid quality steel castings 
from .semp for whieh o.r. od. to y;3 .ov. o</. >er ton has* been paid, 
instead ol gq or. o,/., the ligiire taken upon which the raw matrrial price is 
based. It does not lollow, lio« ever, that pmod (piahty cashngs c ould not be 
produced eipially well in the other types ol furnaces described, with the same 
quality of scrap. 

Ibis fuin.ace, patented m 1909 by Mr. James Chenall, M.Inst.C.K., is also 
we 1 adapted for melting physics for larger steel plants as well as steel for 
ordinary castings in regular quantities. 


The Ltndemann Furnace 

Descripton of the Furnace. — The furnace ccAisists of a double-walled iron 
casing lined with firebrick, with a hollow grate on which the crucibles rest. See 
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57t wliich shows a sectional elevation of the furnace, between the w.illb 
of the casing are partitions of channel iron, oj>en at one side, and so arranged 
that the open side of each jxirtilion is opposite that of the partition placed above 
it. At the top of the casing, a pij>e admits air undcT pressure inlolhe hollow 
casing, a valve ser\ing to give the reipnred regulaliorp The air is tlehvered to 
the funuie from a f,wi, and passe* from the top to the bottom of the hollow 
casing in a /ig/ag direction, thence to thj,* hollow grate. 'The air.thert'fore 
becomes heated in its ‘jKissage to the grate, and ahso serves to cool the lurnace 



wall at the same time. 'The fuel used is c«)k<‘, anrl tlu piimIikIs of combustion 
|)ass awa) through tlu' outlet at th<‘ toj) ol the « himnry. 

Operation of tie Furnace. 'I'he furnace is opciated m a similar manner to 
the two fuinac^.-, prcviousl) described m this chapter 

Output and (Jost of the Furnace. 'The (apiial outlay lor a Imnai'c ( apahle 
of an output of from ico to 120 tons in 250 woikmg dajs is approximately 
X' 475 ' 


Summary of Costs for Melting 220 lbs. of Steel. 

220 Ihs materials . . . 

I ( riK il)le, (ii] S lo cai'h .* . . . . . . 

4 to d)s. coke e(p’.al#to 2oo‘'', '>f iiiatenals im U( d, ((i> 2.^ ^ • 

l''arnace leiiairs . T 

( ost of running fan . . 

Melter and other \vag< s . . . 

Additions and (^ther*materials . . . . 

Depreciation and interest — 15% on caiutal . . , . 


o 610 
o* H 10 

o 410 
o I r 1 i 

o o 0 

O I I I i 
O I o 
o I 6 


Total . . ■ • y"o 7 5 


Or approximately ^13 141. 2 </. per t(jn of lupiid steel. 

_ The above figures are for (jjndilions whicli hfild good in Middle Germany, 
particulars of which were supplied by Mr. Robert Lmdemann. 
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GAS-FIREI) CKUCIHI.F. FURXACES 

, • 

Thk fired criicihle furnaces in IJriiaui, America, and on th^ Continent are 
cither of the Siemens regeiwrative type* or nK>difioations of it. 



Sectional Elevation 



Section or> A B 

' Fu;, 38.- Siemens Gas-fired Crucible Furnace. 

a, n, Mcltinp holes ; f<, (Viicibles , i, c. Coke beds . V.iyjt ; r, e. Combustion chambers ; f, f, 
G.is polls , \u ports; //, h, (ias rcgener.Uors . k, k, .Air repencrators . /, Gas inlet, ;;i. Gas 

revel SI11-; \.iKe , r/, Air revcrbinj; v.the , e, Chimney tluo , p, Chimney flue damper. 
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The principle of utilising the ^\aste heat from the melting holes for heating 
the air which mixes with the producer gas for melting, has been applied since 
1866 to this form of funiacc. It is said that one of the lirst Siemens regenerators 
was applied to the crucible furnace. 'I'he dogre^ of accuracy ^iih winch 
regenerators can now* be built is very muc h higher than obtainetl oiiginally, llu^ 
result being greater, ethcienc) iik working. 'I'lie “ ortlinary foim ” furnace is 
still used in this country as well as in Amern^a and on the (‘onlinent, aiyiough the 
“new-form" Siemens furnace is gradually replacing it. 



Section on C D 

fio. 3.S. 


“ 0R1)INAKV-FOKM ” SfKMKN.S l'llK\A(’r, 

Description of the Furnace, -'fhe conslnn tion of this furnai e r: shown in 
Fig. 38, wliilst Fig. 39 show's larger seiAional views of the milling i h.imber. 
This furnace consists of two or more melting pot-holes, on eat h side of whii h 
are two regenerators for gas and air. 'I'lie furnace shown m Fig. 38 is for two 
melting holes, each capalilc of healing six criu ihles. 

'riie producer gas and air pass iij) through their res|)ective i haniliers on eat h* 
side, alternating during tlie melt, and produce a very satisfactory heating enict. 
As the melting hole across whit h the llame passes is very narrow', lli^* gas and 
air con^bine and burn m the three narrow Hues before entering the melting hole, 
'riie progress of thcflatne throu}j:h the melting hole is also retarded by having the 
three inlet ports out of line with the three outlet [X)rt.s on the op|)osile side of tiie 
melting chamber. A v^eiy intense heat is obtained in this manner, so mucli so 
that the cutting fiction of the tiamc upon the sides of the melting bole is most 
severe, necessitatilig tbe use of protecting brii ks, which are made of the highest 
resisting silica firebrick. 'The form of the melting bole also em iniragi.s tbe 
concentration of the heat ; the inclination of the brickwork on cai h side of the 
chamber towards the to[) dellects the heat upon the crucibles. 

The crucibles stand on coke dust, wlych forms the bottom of the melting 
hole. At the bottom of the coke bed and in tlic centre of the melting chamber, 
there is a hole which passes right through the brick and iron work forming the 
bed. to a vault below. 'I’liis hole is usually covered with an old crucible clay 
Hd, upon which the coke du^t rests. Should an acf ident ha[)pen and a charge 
of steel be lost, a hole is made through the coke bed to the vault below, and 
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the steel allowed to fall through. The coke bed is renewed and work proceeds 
again without much delay. 

Operation of the Furnace. — As a rule, two shifts arc employed in working 
this furnace, each gang obtaining three heats during the shift ; the second gang 



elieve^ the first after the third heat is completed, at whatever hour that may be. 
The furnace works continuously from Monday morning till Saturday morning, 
vhen it is patched or repaired if necessary. A hole through the coke bed in 
he melting chamber is usually made every Saturday, and any clinker and steel 
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from the furnace is pushed through the bottom, after which a fresh lied of coke 
dust is made. 

Each melting chamber holds 6 crucibles, and is clo‘^ed by % covers lined with 
firebrick. As each cover serves for 2 crucibles,' it is unnecessary to move 
more than one at a time, when placing or removing the crucibles. 

The handling of the crucibles^in charging and pulling out docs not difl'er from 
that in working the other < rucible furnaces.. 'I'he regulation the gas and air 
is most important for producing uniform heating, whuh is someUrnes very dilhcull 
to obtain throughout the melting hole without careful manipulation of the gas and 
air valves. « 

Output and Cost of the Furlta^e.* The installation of a plant to produce 
25 tons of molten steel jier week, or 4^ tons [ler ^)ay of 24 hours for ordinary 
steel castings, is very costly com[)ared with tb.it of cokc-fired crucible furnaces. 
If each chamber is capable gaf melting 6 heals m the 24 hours, and each 
crucible has an avemge capacjty of 75 lbs., the weight of steel melted in that 
time = 2700 lbs. {ler chamber. 'I'o [iroduce 4^ tons [)er 24 houis, it would 
be nee’essary to ha\e 4 melting holes. 

One complete furnace, with four melting holes, having n generators on each 
side could be installed, or two separate furnaces each having two melting boles. 
'I'he latter prt»position would be better, inasmuch as the melter uould thereby 
obtain morft uniform results in beating. 'I'liis consideration alone would be 
sufficient to induce one to instal tw'o blocks, big. 38, previously leferred to, is 
an illustration of oye pair of melting holes. 

The cost* of two complete double melting boh‘ furnaces, including gas 
producers and chimney, would be a[)proximalely ^3500. 

/. Annual ('barge for depreciation Or] ~ 

„ „ iifttercst Oj) 5 % -^-^i >*75 

Total charge . . . 

• • — 

15 2 X 20 

Charge for depicriation and interest [ler ton of steel melted — “ ^ 9^^* 


Costs {por ton of Ltqttul Sta l for Carboti Stool Castino^:>) 

Cost of Repairs.- With reference to the repairs to the fiirnacA*, these vary 
in some measure according to the method of working. Iricgular healing not 
only afifects the crucibles and the output of steel, but the walls and ports of the 
furnace as well. Gas furnaces of the tyj)e illustrated can run contffiuously for 
about 6 months w-ithout repairs, except for the usual wcek-c'nd renewals of coke 
beds, etc,* A fortnigfifc to 3 weeks is rc(}uired for the dismantling, rebuilding, 
and reheating, and the.<'ost dejiends upon the extent of the work. done. 

The total cost of repairs per ton of steel, including repairs to furnace, 
producers, and*iaakijg good coke bottom weekly, = on an average 6r. (sd, 
per ton. 

Cost of Fuel. — Instead of using expen.sivc coke at anything Iictween 20/. 
and 30J. per ton, an inferior coal (\an be used in these furnaces at a cost of 7/. 
to loj. per ton in the Shctfield district. The average amount of coal consumed 
for melting ordinary steel for castings is Hbout tons which, with coal at los. 
per ton, makes the cost of fuel per ton of steel melted = 15J. 

Cost of Crucibles. — When gas furnaces were introduced to Sheffield^ Messrs. 
^Samuel Osborn and Co., Ltd., who were about the first to instal one, found it 
difficult to maintain an uniform temperature throughout the melting chamber, 
which caused some of the crucibles to get too hot and fail, whilst others were ^ 
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not sufficiently heated. This danger is now overcome, and by regular reversals 
of the gas at each side of the furnace, an even temperature is obtained 
throughout. When melting materials for tool steel, an average of 3 to 4 heats 
are obtained per clay crucihle, and from 8 to 12 heats from good plumbago 
crucibles. By melting steel scrap, etc., for mild steel castings in clay crucibles, 
from 3 to 5 heats can be obtained from each cjucible, whil^ plumbago crucibles 
give an ayeragc of about 15 heats^ When producing steel for castings in 
plumbago crucibles of an average capacity of 75 lbs., each crucible will melt 
1125 lbs. of steel, therefore the approximate cost of plumbago crucibles per ton 
of steel melted, when crucibles cost 95^, 6d. each, = 195-. ^ 

Cost of Labour. — The following mcrfaj-e employed per shift 


One gas producer man 

,, meller o 

Two pullcrs-out (a) 6s. 6ti. each . ... *0 

'riirce labourers 5s. each o 


D.iy Shiff. fjiglit Shift. 


L 

0 

o 

o 


Total . 


/2 




8 6 


Working ii shifts per week, the total weekly w'ages = ^^24 5^-. lx/. 

Adding 100 per cent, for part expenses of foremen, chemist and manage- 
ment, the total cost per week = ^,'48 lu. o^/. 

Cost of labour per ton of steel melted = 10^/. 

Cost of Raw Materials. — The cost of raw materials is taken at ^^4 2s, i iL 
as in the other estimates. • 


Summary of Costs. 

Cost of furnace, ^3500. 

Depreciation and interest 

Rei)air.s .... . 

Fuel 

Crucibles (plumbago) 

Labour .... 

Raw materials (including additions and loss) 


L s. </. 
0,8 9 

066 

0 15 0 

019 o 

1 j 8 10 

4 2 1 1 


• Total cost per ton of liquid steel ... ji o 


• • 

‘‘New-Form” Siemens Furn/\ce 

Description of the Furnace. — The construction of this furnace is shown in 
Fig. 40. 'I'he chief points of difference between the •“ orBinary-form ” and 
“ new-form ” of Siemens crucible furnaces are as follows : — 

(1) One pair of regenerators is used instead of two. The gas from the 
producer passes direct to the melting chambers instead of through regenerators, 
and meets the heated air drawn through the air regenerator, mixing with it 
before actually reaching the melting chambers. 

(2) The arrangement of the producer makes it virtually part of the same 
structure as the furnace, and not a separate part as in the older form of furnace. 
The gas is thereby delivered to the melting chambet at the initial temperature of 
the gas producer. A considerable saving in fuel is thereby effected, as losses in 
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transmission are avoided, such as those arising from {a) the de|X)sit of tar and 
soot in the flues between the producer and the furnace (tlic useful heat from 
which is utilised in the “ new-form ”) ; {b) the loss of gas at each reversal of the 
the gas valve, and also the inevitable escai)e of gal through imi)eiTectly fitting 
valves; and (c) losses duo to radiation from the external parts of pr<)ducer 
and flues. • • 



re^enei ators, 

(3) Another point of difiference, and one which should appeal to manu- 
facturers, is the initial cost of the furnace, which is between 30 per cent, and 50 
per cent, less than that of the “ordinary-form " Siemens. It also occupies less 
space, a factor of considerable importance where ground area is' limited and 
valuable. 

The size of the melting chamber for a furnace in which 12 crucibles are 
heated is about 16' x 4'. The flame from the mixture of gas and air enters at 
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one end and passes along the full length of the chamber, thence to the regenerator. 
The crucibles nearest the admission [X)rt are heated rather more quickly than 
those at the extreme end as long as the gas continues in the one direction, but 
the direction is reversed every 20 minutes, and what was formerly the inlet 
becomes the outlet, A proper regulation of the heat throughout the furnace is 
therefore maintained. The heat from the hot ^ses passing .into each regenerator 
alternately^ is absorbed by the checn^cr bricks before the spent gases enter the 
chimney. 'I'he regulation of the air admission to the regenerators is done by 
means of reversing valves, through which air at one time passes to the < 
regenerators on the left-hand side, while the other on the right-hand*side is open 
to the chimney, d'hc melting chamber Ras 3 coke bed on which the crucibles 
rest, and is arched over at the top. There* are 6 Iioles in the ar^h of a 12-pot 
furnace through which access is obtained to the melting chamber for charging 
and pulling out crucibles ; .suitable covers close ihe holes. Iklow the melting 
chamber a cellar of the usual form runs from end to e»d, communication to 
which is made by steps at each end. 

Operation of the Furnace. — When a new furnace is built, the drying' of the 
brickwork is carried out carefully. The brickwork is allowed to dry by natural 
draught for a day or two, afterwards a gentle fire of wood and then coke is 
introduced in the producer and melting chamber. The slower »lie drying the 
less chance there is of ex{)ansion. When the furnace is properly diled, the coal 
staging adjoining the })rodiicer is charged, and coal is fed into the producer 
through the ho])[)ers. When the producer is fully charged,;i .steam jet can be 
turned on and the gas forced through the furnace, 'i'he mte of flow of gas is 
under perfect contiol, being regulated by a small steam valve, and the direction 
of the llame is changed aUntcrvals by moving the gas and air reversing valves. 
The crucibles are usually placed in the melting chamber before being charged, 
and are then filled with steel sc rap and pig iron through funnel-shaped fillers 
which rest on the crucibles. In some works the charging is done before the 
crucibles are placed in the melting* chamber. 'I'lie opera tton of melting is 
watched carefully by the meltcr and an e.vaminatiun made from time to lime 
during the melt, which takes about 3 hours. 

Output and Cost of the Furnace.— Whtli ordinary crucihre steel.s, 4 heats 
can be made in the 12-hour shift, hut in England an average number of 3 heats 
is preferred during one shift, or 32 heats duiing one week’s continuous operation 
the furnace from Monday until Saturday morning. Using ciucihlcs of 75 lbs. 
average capacity, the total weekly output from a furnace taking 12 crucibles 
32 X 12 X 75 

would be ^ ^ approx. 

To obtain 25 tons output per week regularly, or 1200 tons per year of 48 
working weeks, two such furnaces would he required,, c*osting appuoximately 
;^2ooo, hut depending somewhat on the condition of tliQ site upon which they 
were to be built. 'I'his price would include cost of furnaces with j)roducers, 
chimney and foundations. , * 

Annual charge for depreciation (<>] 10% on 2000/^ = 

„ „ interest C") 5% ;£'2ooo = ;{,Too 


Total charge . 


£i°o 


^00 X 20 

Charge for depreciation and interest per ton of steel melted = ” = 5 ^‘ 
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Working Costs (/or ton of Liquid She! for Cos bon Stool C,istino<) 

• • ' 

Cost of Repairs. The fact that tlie furnace can run for 12 to i8 months 
without requiring to be overhauled and the melting chambers and gas and air 
ports rebuilt, considerably limits the cost of rejyairs, which is smaller than with 
the ordinary Siemens furnace. The aver^je cost is about 4^. 6 J. jwr ton of 
^steel melted. There is also the cost of renewing the coke bed weekly, and 
cleaning the producer, etc., which amounts to about is. per ton of steel mdied. 
Total cost or rejxiirs per ton of sted therefore = fy. (uf. apjuox. 

Cost of Fuel.— There is a very cortsiderable .saving in the cost of fuel com- 
pared with that consumed in the ordinary coke furn.lce. W hen the ])nce of coal 
is los. per ton, one ton of st^el can be melted in the “new-loim’' Siemens 
furnace for about i2y.^ 

Cost of Crucibles.— An average of about 15 heats can he obtained from good 
plumbago crucibles, when melting mild steel scrap and pig iron for steel castings. 
At a price of qx. 6 t/, each the cost of crucibles per ton of steel = api>ro\. iqy. 
(If clay crucibles are used, an average of 4 heats (an be obtained working on the 
same matcrials^s above, or an ccjuivalent of 300 lbs. of steel from one (Tucible. 
If taken at tUe price of 2s. each, the cost per ton of molten steel = aiiproxi- 
mately i5y.) 

Cost of Labour. — This differs little from the labour on the ordinary gas-fired 
crucible furnaces, alicl is no more than is rerpiired for the coke-fireil ones. 
Where two gas-fired furnaces of the si/e now being considered are installedi 
the labour involved in supplying coal to the gas i)rodii( ers would not be (juite 
equal to that in wheeling coke to coke-fired furnaces, .fnd at least one man less 
per shift would be required on this account. The labour reipiired to work the 
two furnaces per shift is as follows : — 

One melter. • • 

Tw'o “ pullers-out.” 

Three labourers (one attends to gas producer). 

Including part expenses of foremen, chemist and management, the cost of 
labour per ton of steel melted = approximately lOi. <) /. 

Cost of Raw Materials. — ddns is taken at ^,4 2y. 1 1</. per ton, as estimated 
for the production of steel castings, and as used in the other costs. 

0 

Summary of Costs. 

Cost of furnaces, ^2<5oo. * 


I depreciation and interest o 5 o 

Repairs . . o 5 6 

I' ucl . . . . . . 012 o 

Crucible* (plumbago) 019 o 

Labour 1 16 9 

Raw materials (including additions and loss) .4 2 n 


Total cost per ton of liquid steel . . i 2 
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“Ordinary” and “New-Form” Siemens Furnace Costs compared. 



Dct.iils. 

I “ ( Irdiriar) -1 or/ii " 

" N < vt -1 firm " 
Si. .i,( n . h ui naC' 

Cost of fiirn.K (• 


, L s d 

35 fxj 0 0 

i r 

2000 0 0 


Ilcpr; (.i.itiijii and jnk ri St ui\ 15 ' . 

0 s 

9 



5 

0 

Rcp.iits ... . . 

. 

6 


0 

5 

6 

ImicI ... . j 

• 0 15 

0 


0 

12 

0 

(’nicihlcs (|ili!nihag") 

0 m 

0 


0 

10 

0 

I^ihotir . 

I iS 

10 


1 


9 

K-iw- inatorials .... 

4 '’2 

« 

1 1 

■ 

4 


1 1 

'Polal mst j)(,'r ton of steel nn llul . 

/.S 11 

0 

1 


I 
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Description of the Furnace.— 'I'his furnace \\as desi^nc^l wiih the object of 
obtaitiing belter control ol the gases m ca(li melting hoU tlian lA the ordinary 
Siemens fiirnacc'. h'lg. 41 shous tlie arrangement of the furnace, wlmh consists 
of 3 se|)arale nKlling hole’s built togetliei in one block, behind which are two 
pairs o( gas and air regenerators. '1 he to^)s of the regdu lalors are below the. 
bottom of the melting holes, the connection to eat h ol the latter consisting of 
two gas and two air flues, which art- under separate control. 

In the sectional jtlan it will be observed that the flues are^if different lengths. 
'I’he gas and an |)ass tlnough the two outer regenerators, along thi' flues to each 
of the thn‘e melting holes, and after sweeping round the furnace, pass along the 
two shorter flues to the two inner regenerators, thence to the (himiiey. The 
gases continue m this direction for 20 to 30 minutes, aflcT wlm h the gas and air 
valves aie reversed, and the gas and air j>ass through the two inner legcnerators, 
along the shorter flues to eat'h melting hole, and return to the chimney by the 
longer flues and outer regenerators. The reversals of the direction of the gas 
and air are ke])t up at intervals while the furnace is in operation. 

Operation of the Furnace.- No special kno^vledge is required to work this 
furnace, more than that retjuired for working, the ordinary gas-fircd /urnace. 
After the usual drying and heating has been carried ,d\il, the chatiging is per- 
formed in the customaiy manner. About gt heats, aijd occasionally 36 heals, 
can be obtained from the furnace per week, when it is worked continuously 
from 6 a in. on Monday until 9 a.m. on ISatuiday. Any j^e^^airs reciuired to 
be done are carried out on the .Saturday afternoon of during the week end. 
'riiese are small, apart from the renewal of the coke beds at the bottom of the 
melting holes. 

Kach melting chamber holds 5 to 6 crucibles, and has three covers lined with 
firebrick of the usual ty])e for closing the top of the furnace. These are removed 
singly as required, to admit of lifting i or 2 crucibles from the melting hole. 
The enlarging of the crucibles is performed after the crucibles are placed in the 
melting holes, the ordinary funnel being used lor this purpose. 

Output and Cost of the Furnace. — In melting ordinary crucible steel, an 
average output of 31 heats is obtained per week, working from 6 a.m. on Monday 
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until 9‘a.m. on Saturday. Usin^^ crucihles of 75 ll)s. capacity, tlu* total weekly 
output from a furnace with 3 melting holes, c.ich containing 5 ( riicihles is - 



Section on A B. 




Section 
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To obtain 25 tons of steel weekly, a furnace with 5 melting lioles would be 
necessary, costing a|>j)roximately, with gas producer, chimney, valves, flues, and 
foundations, ^,’2000. 

annual charge for depreciation (iv) 10 - / ’oo 

„ _ „ interest (w 5 /'loo 

Total charge . . * ^300 

Charge for interest and depreciation per ton of steel melted — 

300 X 20 

= ^ 5 ‘- 

1^00 • 

JVorkinif Costs {per ^on of Lifiiid Steel for Co f bon Steel Casting) 

Cost of Repairs. — The weekly renewal of the coke beds is about all that is 
refjuired during a 12 months’ run of the furnfee. The total annual repairs to 
furnace and [iroducer, together with making good ctfke bottom weekly, are 
estimated at 5;. 6 it. per ton of steel melted. 

Cost of Fuel. — For melting tool and high-grade steels, the coal consumption 
varies from 27 to 35 cwts. per ton of steel melted, whereas for melting the same 
class of steel in the Huntsman furnace the coke consumiition reaches 50 cwts. 
The coal consumption for the grade of steel now considered wo^ld be between 
20 and 25 cwts. per ton of steel, and, taking tlu* price of coal at loj. j)er ton, 
the cost of coal is a{)pro\imately I2.r, per ton of steel melted. 

Cost of Crucibles. — With proper care in handling, aft average of 15 heats 
can be obtained from good (ilumbago ('rucibles when*meliing mdd steel scrap 
and pig-iron for steel castings. 'I'he cost for crucibles, when taken at 9^. Oil. 
each, espials iqj'. a])proftimately j)er ton of steel melted. 

Cost of Labour. — 'I'he following mettare leapiired {ler shift : — 



I).i> sh 

it 

Nl; 

dit shift. 

• 

/. '• 

./ 

. ^ 

</. 

One gas-producer man . , . 

• 0 5 

0 

0 

6 6 

One melter 

• 0 7 

6 

0 

9 0 

'I'wo pullers-out (r/1 6 s. Oil each 

. 013 

0 

0 

LS 0 

'I'liree labourers {a] ^s. each . . 

. 015 

0 

0 

I S 0 

'botal . . . 

0 

6 

Total f '2 

8 0 


Total weekly wages = ^,24 5^, 6</. 

Adding 100 per cent, for pait expenses of Foremen, Chemist, and Manage- 
ment, tile total cost per week = 1 u. 

/. Cost of labour per ton of steel melted iSs.^iod 

Cost of Raw Materials, 'rhe cost of raw materials used in producing one 
ton of steel is taken at ^'4 2s. iir/., as in the other estimates. 


Summary of Costs. 

Cost of furnace, /,9oo. 

£ s. ./. 

Depreciation and interest 050 

Repairs ^ . 056 

Fuel .... ..0120 

Crucibles ... .. 0190 

Labour .. ...11810 

Raw materials (including additions and^ loss) . . 4 2 1 1 

Total cost per ton of liquid steel . ^8 3 3 
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I CKrC/IiLI-: STKEI. ECRXACKS-- AMERICAN PRACl ICE 

\ (jRUCini K Steel furnaccJ^are usccllii Anierira for nielliti^ iiiatenalh for all kinds 
, of small intricate sit el castings whith ai(‘ found ditlicult and (ostly to pioducc 
! by other nielliotls of manufacture, 'rheyare also emiiloyed for the manufacture 
, of steel for ordnance, sue h as small aims, guns, and projectiles , (or various alloy 
I steels, winch arc now us(*d so imu h m high-class automobiles; aiul in the w'ear- 
: ing parts of othci inaclnnery It may be said, however, lliat ciuciblc lurnaces 
are mostly used for the manulaclurc ot all classes of tool steel. 


Gas*firi:j) Fpk.n'acks 

Different tyj)es of gas-fired furnaces are to be found in America, the one 
described and illuslialed on p. 8<S being not uncomi»on there*. I’or larger 
plants, furnaces made to contain 30, |o, and 60 ciuciblcs aie also in regular 
operation, the following being a dest'nption of a typical 50 pot < rucible fuinacc. 

Description of the Furnace.- 'Die meltnjg chamber of the furnace contain- 
ing 50 crucihles is diNided into 8 conifiartmeiits ; eacii of the end com[>arlmeiUs 
holds 8 crucibles, and 6 cru( ibles can be plaeed in each of the olhci 6 lompart- 
inenls. Although the furnace lias cajeanly (or 52 crudities, only 50 aie used at 
once, the remaining space lx ing occupied for healing rumiei ( ujts 'The mellmg 
chamber is continuous but for tiie dividing arch at the top, wIik h intercepts the 
flow of gas in its passage through the furnace. 'I'liis is a uselul ballle, and 
enables the gases to be spent moie fully in the furnace instead of passing into 
the regenerator, and thence to the clnmiu y. Kvery 20 minutes the direction of 
the gases is reversed, and a uniform tem[H:ialuie is maintained throughout the 
furnace, leach compartment is- covered with frames lined with sihc a* bricks. 
'I'he end Compartment.-, l^ave eac}> four covers, one cover for 2 cnieibles. 'Die 
other comiiaYlmcnts are teach covered likewise, all being on the floor-level. 

1 here is a runway overhead in line with the furnace covers, from wlm h is sus- 
{)endcd a lifting-b^r at the end of a chain. Ily the aid of this liftmg-bar one 
man can remove an (4 re[:\^ace the covers from the top of the furnace. I’o one 
side of the melting hole are placed the ingot pits, and facilities are jxovided by 
a special tijijiing device for emptying the crucibles into them or into a ladle as 
required. 

Operation of the Furnace. — 'Die furnace works continuously from Monday 
morning until Saturday afternoon. 'Die^ avefage number of heats is 6 every 24 
hours, or 33 heats per week. It could be driven at a greater rale, but the effect 
on the furnace would be serious, and no economy obtained. , 

The materials for the charge are weighed in a room adjcxning the furnace, 
and placed in small trays on Tight trucks, which are wheeled into the furnace 
house. While one man holds the crucible in a pair of tongs, another man 
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empties into it the contents of the tra) through a filler cup placed over the 
nioulii of tin rrunhh. 'i his is done carefully and quickly, the ^\llole charge 
being wqll j>aik<d. crucihhs liold about 102 Ihs , and are fitted with clay 

covers. 1 

'1 h» ii;eltiiig procMtls in th( ordinar) way, taking from to 4 liours {)er heat. 
When the hunt is rundy, one of the (o\(r^^^n the furnafe is removed, ex[>osing 
2 (ru(ihl(s (uil) at a tmu '1 iitse art lilted out hy liand t(-ngs, and handed 
to the tcMiur, wlio pours the (ontints into the ingot moulds or ladle. The 
crunhle is imniedialdy exaiiiim d, and any slag r<.mo\c(l In fore being | assed on 
to the “lilhrs” No tune is lost in, the opeiation ; each man knows his duly 
and ( arm s It out with pn < uion. , 

Output and CoBt of the Furnace 'I'Ik cost of tlu furnare is esiimatul at 
y,7ooo. 'Ihr output is roughi) y.j tons p( i week, or ^^52 tons per year of 
pS weeks With mu h a Ia!g< output, tht < hnre« jtr ton of s[< d mdted for 
d< po ( lation and )nt« o si u ver) ima h ks:* than tlfat ot gas-fiicd fuinaces 
woiking on srnalh r oiitjuits 


// ( d///;,'' ( ’<m/» (/(/ Ten if / uiuiJ Stui Jof Ciubon SUd 

Coat of Repairs llowt ‘ stat( s that ’* American gas fiini'n t s are repaired 
about ev( ry 6 montlu, with an oiithi) ol about ^>50 doll.irs id the rase of a 
pot furnacf ” A]'ait liom tlu wcekU rt paim, wliK li ( onsut of a small 
amount of palc bing and ir nrwals ol the < oke la d, tlu, puk la e and ( ost are now’ 
about the saim as wlx u llowe wroli on the suhjrct. .•'oiiu’tiiiK s a liiinace will 
run for 9 months, hut this is e\C( pl.onal, tlx .i\r rage tiiix lx mg (> months. 

'i hr output ol llxduinacr 0 Iciitol to h\ liowewas .ibout 1 600 tons dunng 
the campaign ol 6 months, and tlx. costg)| rcpaiis /,7.’ iS'. 4./ 

.* the ( ost ol irp.iirs p( r ton ol strd im Ited a[)pio\m) ildv lOif 
Wlx n tlir luinace is laid oil lor iduiildmg, tlu: limr taken to do the repair is 
not mort tlian 2 01 ihne da)s as a rule, hut tlu idiuilmg of the (uinare takes 
liom 10 to 1 2 da)s .'^ilir.i hm ks are used m it building the mellmg ( liamhers. 

I he ( ost ol n pails giun abo\e is iu>t < ompaiahle with the tost of gas- 
lutnate lep.iiis m ( h.ipler \ MI, wimh m< liuks i ost ol making good the ( oke 
Iiottoms, .md the weeki) rejtairs to lumata and produce r 1 Ik larger oiit[)Ut of 
strx I, howevt I, Iroin the Anu’ix an luimu e mipustion bungs down the co^l of 
repaiis per ton H) .illowmg m /></ pi i ton lor weikl) upairs, the total cost 
ot repaiis per ton of stet 1 melted 20 .p/. 

Cost ol Fuel. In large fuinaces^ llie cost ol fuel is less per ton than in small 
ones wiun melting the same elass ol materi.U. 'I'he average consumption of 
coal at the pioducers per ton of steel mdted ui a furnace eontammg l/fty loo-lh. 
criu ihles IS about 1200 ihs , hut it has m some uut'anixs reached as low us 
850 lbs — a very remarkable figure lor cruciiile luinaee work. 

'I’akmg coal at 103 [leT ton, wiiuJi is below the average for some districts in 
America, llie cost of fuel per ton ol sled mellul ^ apiMovinaldv 53. 6,/ 

The Weight of slack i oal consumed jkt 102 lbs ot iron melted in crucible 
gas-lired Imnaces at Pitlsliiirg ' is given as 100 Ihs , or ap[)ro\imately one ton of 
coal [XT toil of steel melted. 

Cost of Crucibles.- riumhago cuieibles are commonly used in the States, 
costing I [f. each [)er 100 Ihs. ixl’p.uity llefoie using them liiey arc washed 
With silica paint inside to [rrevent the carbon Iroin the plumbago crucible getting 
into the steel. About 7 heats are obtained from eaih i rui ibh', or an equivalent 
of 700 Ihs. of steel. A[)[)ro\imaleIy y2 crucibles are reiiuired i>er ton of steel 
melted, at a cost of ,{'2 40 io</. 

‘ “ Metallurgy ol Mid,” i‘ 


^ /.W , g. 310. 
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Cost of Lt}K)a.r. — liu* lulxmr tinploNctl jn-r shilt on tin- lurnarc ron'.ists t>l 

thi* following — 

riuc (■ j'uHt rs out ^ ^ 

'1 «o t« < iiu tN anti fillt is. 

l\\o niouK’crs 
* ( ‘iK- t o\ t*t man. 

< >'u- ^a" ] roJut t I ifian. 

< >>'( ( (ul u h( ( Ic r 

• Sorn< of thi nun an ttuploNci on ] -u t i w ork, siirh »s iIn 
:ir(* 7 j f nt'> ( ^ ; ) | or t tiu il>lo lili^J troin llu* lutnat o. 

{Wild tiav '1 Ik \ arc t niplo)(. 

rncllnij^ nl a « ontra* l piK < |vcr ton 

It IS (prtc ^\(c to take tile a\cra N cost of lal'oui. iiuludm;; part 
man i^< uk nt . \j>t oo s iroi t h, ini^. at / .• |.< r ton <.| stc< I lut'Ilt d ' 

Cost of Raw MatrTiifls \ssiyiiiMc, loj il>< sak« of < omparison, that tht* law 
matt nais jiK !l' •! lo ot i' , sauu saluc as ti)osr ust d loi oidmai) < a''( i(u;s, tlic 
« (JSt |H r l')M ~ / i .o I ! ;. 


pullt is-tnil, who 

. V . t )tlK I im n arc 

ti 1*) jht lu ail mcltcr, wlo lakt s on tlu“ 

osi of 


, iSuininary of Costs. 

( O' I of hirr.'K <\ / oo 

I '» prt ( 'atioM aiitl intr r« st 
Ivt pairs* * , 

I'litl. ... 

(’rut iM' s 

I.,ahour . _ * 

Raw mat. rials (tn. lu.lini' additT.tns anti I.tss) 

ApproMnialc total < .jst p< r ton ol Ji<jui<i stci I 
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Oil. Imki I) hr kN \( i. s 

I he use .)f t>il lut 1 and natural ^as in . iik ihh- hirna. os for mflline Mt . 1 has 
<liMitul r lli,‘ IIS,, ol . oC- III K.lo hr. ,1 liirii.h. s, m ih'.K ||„i oil 

fULl_ii,., ii.ilur.il ^sis (l.j ,i,,t III, |,, It siilphiir lo lli, si, ,.| ,|„,|„^, ,h,. pro, , ss. 

Description of the Furnaces I h, „• ..re s.v. r.rl i)|„s „l o,l hr.-rl , r,„ iMu 

Irinr.i, .s, s .iir,,' iiilh .i sirrgl,- r li.i.nl,, r l,,r lioMirig orru rnr. ilile .iri.l porUlilr irt 
form I'!-. 1 2 ilhisiralt s tht.* • ' ¥ ^ 

type rt lefred to. 
shows a sinr.lar design, Imi 
arran^^cd with the cni. ikilc 
ft\cd in i!k rasing in such a 
manner as to allo'# (;f tin 
casin;.; hein^ lilted \vith- 
out disturbing' the crin ihle. 

'I'he.se designs are more .scr- 
viceahlc fi)T metals having 
lower melting temperatures 
than ste<l, or for melting 
ferro-alloys used for “ phy- 
sickmg steels product ri m larmr (juantilics in oth* r furnaces. 

first design of oil-fired furnace use'l in the United States is shown in 
tg. 44, and is known as the Nobel furnace. Of the three se[>a'ate chambers 



1 42 —Tilling; < mI firi-.i Ou' iMc I irn.ice, 

Nt< Itinjj hiilr' , \ I in!< t . r, \7 ; '-.'ni;. , /, 0.1 ]»-(, 
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sliown, the first and second chambers were used for melting, and the third for 
healing the crucibles before use. It was found, however, that melting could not 

be satisfactorily earned out in the 
second chamber, which was there- 
fore used^for heating the crucibles 
only, tlie third chamber being used 
for oliscrving tlie Ilame and work- 
ing tile fiirnac('. 'I'he flue shown 
below the furnace was intended 
to carry the fhime ^o the chimney 
instead of through the {x:)t-holes 
duimg the o[>eration of pulling- 
out 'I'his was not very success- 
fully eflt^t<(l, and is discarded in 
the niudern oil-lired furnace. 

'I'hc cnicihle furnace of the 
oil-fued tyj»e which competes with 
tlie coke and gas-fired furnaces 
in the j)rodurpon of steel for 
1 , • , . . castings If illustrated in 

I ig. 45- 1 ht- chamlu r in which the criicihlcs are h. alcd is rectangular in form, 

iiohJing from 6 to .S crucihles at <.,u time. The design is simple, as the 
chamher, whem coveod, is virtual!) a box with an opeftmg ,t each end near 
the liotloni, he flame enleimg at one end and j-assing out at the other to the 
‘hinimy. he inkt .and outlet being at the hotlo.ii cause the flame to be 

due( ted to tlie bottom^ of the crucibles, wliere the heal is most reciuired. 
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The flame is produced in a small comhuMion chamher, through the outer 
wall of which and near the top, oil and air are admitted. The oil is earned 
through small pij>es to pans, wKlcJi rest on slu hes on the outer wall, between 
whidi the air pas.ses into the combustion chamber. Provision is made for a 
further admission of air throiigli the aix*rture on the top of the combustion 
chamher. the amount of which can he regulated by the brick tile on the ton 
C omlnislion does not always take place at first. in the combustion chamber • it 
requently hapjxms that until the furnace is well heated combustion takes place 
in the chimney. 
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The bed of the furnace on which the cnirihles are placet! is tnatle of oUi 
cnicibles finely crushed and suitahly mixed with grt>iind t oke. 'rronlilc is 
someumes experienced hy tlie fusion of the !‘ed on which the crucibles rest, 
causing them to stick to the bottom when reaily for pulTing out, After^utTes.sive 
heals, however, the bottom becomes harder and less liable to unite with the 
crucibles. • 

Operation of the Furnace. — With the mo4<‘rn furnace in-^t tlcscnbej, used for 
the manufacture of steel for c.islings, it is usual to work (or w to 15 hours per 
day, allowing the furn.ice to rest tiuiing tlu* night. 'Tins is rather malk* upon 
the refractorymaten.il of which tlic <hambers are huill, owing to the r\jninMon 
and contraction whu h take plat e. \)g atcount of this lutc rnutlrnt method of 
working the furnace, it is found more ctbnomuMl ti; use lireclay but ks instead 
of silica bruks for lining the chambers, as the latter wouhl cbij) oil more readily 
with t!u; irrtgular ttunperatures tt) which they would be (•\j'oS(a!. 

rile crucibles used*for the h;^st beat ea< h d.iy are pl.ieeil in tfu* furnace the 
previous evening, and about ^ a m the oil is turned on and tlie bgliting m the 
juns comment es. Hetwet n ah. ul h. p a.tn am! 7 a.m tli.- (our ( rucihles 
nearest the foinbustion ( hauiht r .ire ready (tir remov.d from the (iimac'e. After 
remttving the furnace co\cr, tht* rrut i!>les arc e\ iiiiint tl tiuough a liolc in tlic 

• -"'1 - 

A M ... M 
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clay hd. If additions nie ncct-ssaiy, tlx se are .uldod, before the rniriblt s are 
pulled from the furnat e. 1 he “jiulling” is done in the ortlin.iiy way, , liter 
winch the clay lid is removtd, the metal skimmed, .ind a small jmee of 
aluminium added to the steel, whu h performs the s.ime hint, lions as were 
tibt.iincd foriiierh' by means of killing. ’’ I he amount of alumimum added is 
kept very low, it; avoid any injTirioiis results from its |)res< m e in the fumshtd 
steel. • 

While llie contents of the rrucibh s are bt mg teemed into the moulds, the 
remaining .4 crucililcs in the (urnace ar*- brought r()rward and rt plam-ti by ollu r .; 
all ready to be set In th#t melting chamin r, and so the jirocess of uuhtmg prtx « eds, 
until the furnace is sl(;j*jKtl (t;r repairs, \Nhich arc rerjuircd evt.ry 2 wt i ks. broin 
6 to 7 heats of 4 crucibles in ea(-h iieat are obtained from the (ufn.ne in al)out 
13 hours. 

Output and Cost of the Furnace— In the old t>[^e of fumac- used at the 
Milwaukee Crucible .Steel l oundry,* 14 cTiarges of ste< 1 in trucildes contain- 
ing 86 lbs, were melted [>er day, and in doing so 170 g.dlons oi oil were 
consumed, erjual to 316 gallons };er ton of steel melted. In the modern /urnace 
used in the same works, 24cigicibles of steel each containing 85 lbs. were melted 

' “The bijundr), ’ V'^l. j*. 130 
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wiih a fonsurnpiion of 240 gallons of oil, or equal to 263 gallons [>er ton of steel 
melted. In the same town, a t>[)ical crucible foundry using the same type of 
crucible furnace, uses ( rucibles <;f a (aj)acily of 176 lbs.* 

Assurrting the oulfjut Of li<|u:<l sled reijmred to be 25 ions {>cr week, it would 
be ne< essary to inslal <; furnaces sudi as d< stTibed ami illustrated in Fig. 45, 
giving an (nitput of } x f> ~ 20 jo lb>. of steel day [x.‘r furnace, or 

jo-io X 5 X ^ -- soimwhat more than 25 tons of steel from the 5 furnaces 
par week of b working days. Faui furtuu e would cost .ij([)ro\imately ^150, so 
that lh(' total ( osl of the 5 furnaces, including the neccs.sary chimneys, would be 
about y?7 50. , 

'I'akmg the usual de[)rcciation of loyA cent, and interest at 5 [ler cent, on 
the capital outlay ; — 

/ r. a'. 

Annual charge for depreciation ... 7 s 00 

.. i. interest (<i 5*^;, . . # . ^710 o 

Total charge . . . /'112 10 o 


As tile furii.ii IS so often down for rejiairs, tlu; actuil time it is at work would 
not (‘xieed jt; weeks in the year. 'I'hc annu.il output w’oiud be therefore 
T 1 25 tons. 

( 'barge for depreciation and interest {ler ton of steel melted 
_ p{, 1 1 2 lor. _ ^ , * 

1125 


//'v/v/zx ( Vj 7» (/cr 7e// (//;<////< /tSVed/e/' CiUu>n SA</ 

Cost of Repairs. •If<)w'e ‘* st ites that \ Nobel furnace runs probably 
about iSdajs; the longest iiin at *an American mill has fteen 27 da)s. Carl 
Siiuilmg’' sa\s the .iveragc run of this iyp,> of furnace is 16 days, after which 
the si(h' w.ilK and arches have to he replaced, 

'The cost ot rebuilding is about /.H alter a 20 da) s’ rim, during which time 
18 tons ot .steel were pioduced, so that the cost of rc['airs [ler ton of steel 
melted = approximately qr. 

Cost of Fuel -'rins is a var)mg value, according to the market price of 
oil, hut the consumption per ton of steel melted is fairly constant, 'baking 
263 g.illotis jier ton at 2I./ jier gallon, the cost of fuel is £2 rgj. 10./ This 
price wobld aj)pear almost prohibitive, but it is confirmed by Howe,* who states 
that 87 lbs. of [n'trol, at 5 cents per gallon, are.used per 100 lbs. of steel melted 
in the crucible oil furnact's. 'I'his is equualent to ^'2 i6y. jx-r ton of steel 
moiled. 

Heavy refuse oil, costing 2 \ to 3 cents per gallon, b.as been tried, but owing 
to the pioduction of a poorer flame and the oil carbonising "in the pans, extra 
labour is re(|uiicd m keejung tlicm clean, and a loss of 20 per cent, to 30 {)er cent 
in fuel IS experu-nced. 

'I'he cost of fuel ])er ton of steel melted will therefore be taken as £2 14s. lod. 

Cost of Crucibles. - 'I’hc crucibles are subjected to very severe conditions. 
ITe rapid melting, compared withMhat in the gas-fircal furnaces, hastens the 
destruction of the crucibles. In one of the Milwaukee steel foundries, 4 to 5 

" ‘ “ ('•io<%serci-Zcitung," \ol. vii, pp. 103-108. 

’ Ifowc, Mct.il]urgy of p. 302. 

* “ The Foundry,” \ol, 36. p. 130. 

* Howe, “Metallurgy of Steel,” p. 310. 
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htals' are ol>tained from each plumbago crucible, “ but in order to reach tins 
.record, they ^ihe crucibles) must W daubed on the out'^ide with a muture ot 
fireclay and jowileretl crucibles.”^ In other fouiulnes in the same* district, 
“ crucibles witliNiand on an average 7 to 8 charges.' * Tlu re is noAiing extra- 
ordinary in these* two statements, as the comlilions of woikine, the compoHilion 
of the charges, and the ijuahty of Khe crucible all ha\e an inllucnce on the life of 
the crucible. IhiTerimes in the enduranc(;,of the life of ciucihles for melting 
steel for castings in Ibitish foundries are just as guat. Taking the average 
• number of heats jrt crucible at 6, and the capacity of (a<h at S5 Ihs., the 
ecjuivalent •utput in steel per eriKible^is 85 x 0 ^ :^io lbs. ’The number of 
cnicii)k*s therefore reijuired per foi^ of steel — .p|, .nui taking llic cruc ibles 
at t2s. each, the cost of crucibles pcf ton of stycl melted -- y'2 I2». io</. 
approximately 

Coat of Labour. — 'The aj)pif>\imate number of men ic<juiied is as follows: — 
• ( )pe It emer, 

'Thu e “ pulK rs out," 
l.iglit labourers. 

’The cost of labour varits t onsidt rably, an<l it is somewlial tlillicull to j^ivc 
reliable tigUKs lor ea< h member of the g.ing. Including co^t of sujicrvision, 
chemist, and iif.inagement charges, the cost of laboui pci ton of steel ~ apjiroxi- 
inatcly /'a a!. 

Cost of Raw Materials.— '1 he figure of y'\ 2s r lE pc r ton is taken as with 
the otlicr furnaces, 4or the sake of companson. 


Summary of Costs. 

('osi of furnni es, /'750. * 

I )t prct lation and inter< s( 

Ut pairs ... . * 

!• lu 1 . . . . . . . 

('rutibles 

l^Iiour . . 

Kaw materials (mcliidmg additions .md loss; 


/: / </. 
o 2 o 
o 1; o 
2 I I 10 
J I J 10 
2 2 0 
\ 2 11 


Total tost pc:r ton of iKpiid stc-el . 




‘ “ 11m J ouii lrj,” v<>1 {C, pp. I p) I 

^ “Ult ■•.citl /citiing,” \«>1. \ji, p, it)j. 
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COST OT ( Kl 'ClBI.E A ! El-I. l-OE CASEOS AM> HIGH-SPEED TOOLS 

• 

SiKi i. f(jr (\arl)on and hif^h-spccd cutting tools can be* melted in any of the 
furnaces (h s( ribed in the (haplers in this section on cnicible steel manvifacture. 
It IS perhaps more.' common, at least in this country, to melt these classes of steel 
in coke firid furnaces, although less sulphur is imparted to the steel when gas-fircd 
furnaces are used, and this is a most inijKjrtant consideration in making high 
quality steels. 

Many users of coke fired furnaces prefer them to the gas-fircd furnaces because 
they can make small (|uantities ol slec‘1 of as many different “ tempers ” or classes 
as th(7 hav(? melting holes, whereas the mimlxT of qualities wKich can be jiroduced 
at a time with the gas fin. <! furnace is more limited, since usually these furnaces have 
5 or 6 cruciltles at least in one melting hole, while some furnaces have as many 
as 50 or 60 c rucibles m dne chamber. 

In melting ch.irges for tool steels, crucililes of smaller (Opacities are used as 
a rule, and the time required for melting and finishing is more than that taken 
111 melting oidm.iry mild steel scrap «and pig iron charges. ^ 

Operation of the Furnace. — In making tool steels, no alteration is necessary 
in the oj)eration of the furnace as when used for producing ordinary steel. More 
care, howt'ver, is re(|Uired in charging coke and in handling the crucibles to 
jireveiit any possible (bailee of losing a charge. 

Output and Cost of the Furnace.- •d'hea\eragc capacity of crucibles used for 
melting steel for carbon and high-speed tools is about 55 lbs ,and m the ordinary 
Huntsman type ot turnace, two crucibles only are use m each melting hole, 
yielding no lbs. of steel jier heat. 'J'o produce 25 tons of steel per week, 
w'oiking ('ontinuously from Monday morning to Saturday morning, 16 melting 
holes would he required, each melting 3 heats [)cr shift, or 33 heats per week. 

Tlie approximate' cost of lurnace would bo /,'i20o. , 

Annual charge for dei'recialion, 10 on /^2Co ~ /^i20 
,, „ interest, 

Total charge . .« * 

/, Ciiarge for depreciation and interest per ton of steel melted 
180 X 20 
itoo “ 

• Working Costs (i'FR Ton of Liquid Steel) 

Cost of Repairs.- 'The annual cost of repairs per ton of steel melted in a 
Huntsman fiirnae:o with 16 melting holes is approximately 41, gd. per ton. This 
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includes cost of labour and refractory materials used in rclininf^ the nuUjn^ 
holes every few ^^eeks, and rehuildin^j arches and tines when tlic general rcjuir 
is earned out annually. 

Coat of Fuel “ It is nec essary to use the best \Nasht'd cokt\ ns free from 
sulphur as jx'>ssible. so that the steel ineltetl may lx* kejit tree from cont.nmna- 
tion. Sulphur fin's its way mfo the sttvl even -when the criirible is closed 
with a fireclay lul, hciK e the necessity lor fure fuel. 

'riic average tune of melting and tinishing each heal is longer than that 
required for ordinary 1 1, aiul as the charge in each crucible is less, more coke 
}>er ton of^teel is required. 

Accortiing to the grade of sti t'Uniehed, 2^ to 3^ tons of coke are required 
per ton of steel. 'Taking the amount of cok(‘ r^epnred for the j^rodiiclion of 
carhnn tool steel at 3 tons \h i ton of steel, ami using cok(' :it jS* ju‘r ton, the 
cost of fuel [XT t(Mi of carbon tool steel -- Itt high spectl tool Steel, 

about 3\ U)us of Coke .are r<‘(j«irrd per ton of steel. 'I'bertfore cost of iuel |X?r 
ton of, lugh-speed sU ( I — y'\ i.Si. 

Cost of Crucibles lurt \er good < la\ crucibles ran be made it is usual to 
emjiioy them for melting materials Tt t aibon tool steels and high sikuuI tool 
steels. I i'icy^ean he made* hy cxjKiiimed men, and most works find tlu'ir use 
more econqtmr.il than pluinleigo erm tl)les lor thes<- classes of steels. 'I’iiey do 
not last more than 3 heats as a nili* (the heats giving about 70, 56, and 
.40 lbs. (»f ste('l rt s| ( rtivcly), but they only cost 1/ to 2r. ear li to ])roducc if 
rn.ule with modi rft .ij-jilianc^ s. 

'Taking the price of is. cat'll crucible, the cost [ht ton of steel melted 
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13/. 6./. • 


Cost of Labour. — '1 hc' number of hands rmplo)(d and the w.igt's paid are 
as follows •— • • 


( )ne mt lit r 

I ).Ty ' 111 If 
/: 

. 076 

N ight 

t. 

0 i) 0 

'Thrt e pulltrs-oul (n fu/ < .u !i 

.. <, 

I 2 6 

'Three rokt' w heelt is <t t;; 

01:; 0 

<j 1 S 0 

( )ne labourer 

0 c; 0 
.0^0 

t ) h 0 

(bne cellar lad . . 

t. 3 6 

'/’olal . . 

/ . 0 

'Ttgal /, 2*19 0 


Working 6 day and 5 night shifts, the total weekly wages - /'29 15J. 

Adding roo [xt (Vnl as jtart expenses for foreim-n, rhemist, and manage* 
merit = ^29 45^ , the tol.il cost of labour jxt week = /J^i) lof. 

C ost of labour [xt ton of iKiuid steel == =r / 2 7r 7L 

Cost of Haw Materials. — it is under this heading that the cost of production 
is more variable than in any otlu r item^of cost Tlu re are so many varieties 
of alloy steels used for liigh-sjMjed tools, and the mati rials art* so ex|M'nsive that 
the cost of a s[X‘cial alloy steel is sornttimes 4 to 8 times that of ordinary carbon 
steel for rutting tools. • 

Tool steel may he divided into two distinct classt s .— 
r. f'arbon steels. 

3 Alloy steels. 
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ITic raw materials used in ea( h class arc as free as possible from sulphur and 
ptjoaphonjs, and only very small additions of ferro alloys are made to class (i) 
tool steels, along with suitable amounts of aluminium to clean and finish the 
liquid steel.' In < lass (2) tool steels, comparatively large jM-rcentages of expen- 
sive alloys form ()art of the charge, hence thr great cost of the finished steel. 

The following charges are typical only an<l are subject tt) considerable varia- 
tion, as will be observed from the sVidy of the various charges and analyses of 
carbon and high-sfx,‘ed steels given m (Jhapier XI, dealing widi the materials 
used in crucible steel manufacture. 


I. Ciubon''tccl St<il 

/ /. 
070 
o d 9 

0 1 o 

1 

( ’osl per 100 lbs. of liquid Steel . . J^o n 9 


/. Approximate cost of raw materials per ton of Ihpnd slaol = 1 3 y- 3^/. 


Chargr ixT 100 lbs of liquid steel |)roduced ^ — 

60 lbs. best Swedish i)ar iron (cut) (//> i3»#<\vt. . * . 

.p lbs. „ carbon tool slc(d .scrap u/j lO' cwt. 

I'crro silicon, alunnriiiim, and carbon additions a<<()r(I- 
ing to temper of sli-el reijuired . .... 


*2. (.r)///A'/;-r/ee,/ Tool Stnl 

('barge jx-r 100 l!)s. of li(|uid steid proditccd : - 

Hi lbs. best Swedish bar iron bar ((Wil) (a\ ijf. ewt. . . . , 

13 lbs. tungsten powder (96 to 98 tungsten) (/) 2s. 9b/. lb. 
5 lbs. lerro-chromc (60 ''j (hromc) lu 19*. cwl. . . . 

4 lbs. fcrro-molybclemini (80 'h', Mo) u/i 5/. lb 


0 9 6 

1 3l 

0 010 

1 O 0 


Cost per 100 lbs. of liquid sttcl 


'> 7i 


A|ii)!oxim.ite cost of raw materials [icr ton of Inniid steel = /,'74 ur. jJ. 


2 . (/.) Ihf^h-spa J 7\vi Sk.l 
Charge per too llis. of li({uid steel produced : — * 

C L 

75 lbs. best Swedish bar iron (cut) (</! i3r. cwt *.088 

18-5 lbs. tungsten jK:iwdcr (96 to 98 tungsten) fu) 2j.%.7lr/.*ll). 2 11 7 

I lb. ferro-\ana(lium (35 to 40 % V) {< 1 ) i-jy. GJ. per lb. of V .060 
8 lbs. ferro-clirome (60 % chrome) 19J. cwt o i 4 


Cost j)er loti lbs. of liquid steel . . 7 7 


/. -miniate cost of raw materials per ton of liquid steel = /'75 i3e. 
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2. (r) Hii^h-spetd IWl Stid 
Charge |>er 100 lbs. of liquul steel proihiccii : — , 


55 lbs. best Swedish bar iron (cut) d i \s. ewt o f> 5 

26 lbs. liiogslen jK)W(1er (gO to 98 ' „ Uingsien) a 2^. o' / lb t 12 7 

12 lbs. ferro-chrome (^)o cbioim-) ui' fg*. t\^l. . u 2 o 

9‘5 lbs. ferro-niolybdinuin (.So",, M<>) t;j lb. . 2 7 f> 

1 lb. ftrro-Nanadiuin (.;5 to 40 V) ,1 i-js. 6J. per lb ol \' o (> o 

• * 

('o.st jH-l» 100 lbs. of IkjuuI steel / b » | b 


Aj'pro.\imale cost ot r.us materials j»er too ol iHpiu] st< c! 


J 1 

• 



1 0./. 






• 

Summary of Costs 






t' ut'.'U 

1. ul S,, 

<1. 

1 1 )^;1> '.jK r.| 'I‘.> 

"1 .S|rrl. 4 . 




• 

1 

2 I ;) 


2 1 ' 


2 

(.) 


. I 

>. / 

/ / 

>1. 

y • 

</. 

y 


,/ 

Depreciation and 








intcrcbt ... 0 


0 ; 

0 

0 t 

0 

0 

.t 

1 

0 

Repairs . 0 

} 9 

0 I 

9 

(. 

0 

o 

9 

Fuel ... . • 

•1 •> 

f I.S 

0 

1 

(J 

4 

I.s 

0 

Cru( ibles (clay) . 0 

1 ; b 

M 

6 

0 1 1 

b 

0 

‘3 

6 

labour ... 2 

7 7 

7 

7 

• 2 7 

7 

2 

7 

7 

Raw materiabs . 13 


♦ 7f 

5 

75 1 > 

1 J 

t so 

I 2 

1 0 

Cost per ton of ) 
liquid steel . •* / ^ 

16 I 

/S 2 nt) 

3 

0 

9 y 

cs« 

^9 

8 


As already remarked, the ( b.irges are subject to consider. ible \anatioMS, but 
the above prices gi\e some id< a ol the ultim ite cost of a linisbed b.ir of tool 
steel \^beo it is remembered that only a part of < a< b ingot c.isi is used, and that 
very often los.ses aiise in the \arious pioeesses ilirougli wlm li the sler I must jass 
before It rcachei) llie warelioiibe. 
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coMPo^iiioM OP r/LiK(.p:,s KAfprovhiy avd axalv^'ES a\d 

USIiS OF SlEEl. PRODUCED IN IIIE CRUCIRLE JUWCESS 

Uaes of Crucible Steel.— Before giving the rharges and analyses of stc(d 
used in this {)ro( css, it is perhaps advisable to outline tlie ext( nt of the use of 
cru('ible steel. It is difticiilt to give a coiujjrt iiensive list of the uses of steel 
made in the rrunhle furnac(‘ only, as steel is j)rodu(:ed iti the dther processes 
(Bessemer, Open-hearth, and Ideelin ) for some of the ]>urposeV for which 
crucible steel is used. In fact, before the BessinuT and Open-hearth processes 
were introduced, and for some )e.irs afterwards, steel ingots f*jr heavy work such 
as engine cranks, pist<jns, piston rods, < omu( ting rods, a\lts for r ngines, as well 
as the component parts of l(HomotiV('s .ind other engines and rolling st(K:k, 
were made from crucilile, steel. 'I'o this day, Messrs, F. Kru{)p, at Essen, 
employ the crucible procr ss for th«‘ m.ini^hicturc of stei-1 for guns and other 
warlike materials, the ingots for whuh sometimes weigh 8o tons. 

'I'he following list gi\es some ol the ai tides which are usually made by the 
crucible pioc'ess of to-day : — * * 

Ingots for — 

('utting tools of all kinds, such as the tools used in engineering establish- 
ments tor cutting steel, iron, brass, and other allo\s. 

Cutting tools for mines (diisels, bits, drills, etc , lor miiuTals. 

C'utting tools, such as (uitlery of all kinds lor home use, wood-working 
tools, and various mamilar turmg uses. 

Dies for coining, stamping cutlery, all kinds of sheet im tal work, tubes, 
and for the various classes of manufactures, too numerous to mention. 

File? and springs, hammeis, shearing blade.s, milling cullers, agricultural 
tools. 

Ordnance and Artillery, small arms, guns, projectile^,* etc. 

Shafts, spindles, rods, axles, and other wearing part,s ol all kinds of small 
and intricate machines. 

Castings foi — , 

Small and intricate parts of machines used in all\indsof manufacture, 
for rolling stock, automobiles, and living machines 

Also in commoner grades of m.uhims and parts of machines used for 
railway, colliery, mining, hydraulic, and marine engineering. 

Materials used in the Charges.-^Crucible steel charges are perhaps more 
varieil in composition than the uses to which steel from this process is emj)loyed. 
It is a common saying that one need only expect to get from the crucible, steel 
of a quality equal to that l ontained in the materials ii^cd for melting, the process 
being \ irtually one of melting only. 'I'his, howevti*. is not strictly accurate, as 
the elimination of impurities by oxidation takes place to some extent in this 
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process as in the other methods of manufacture, although to a much Ics-iCr 
degree. 

The manufacture of btcci by the crucible process lien.ands the gic.ucst care 
and skill to produce material uiih .i final carbon ofntcm wliuh \sfll be most 
suiUble (or the pur|>ose‘s required. Mr. Scebohm,’ m his jupc i on ciu. iblc steel, 
gives a classified lisi of uses ot carbon steels with caibon v.nying from i 5 
j)er cent, (ra/or temj>er) to o per cent, (die temper) 

Mr. J. M Glcdiiill gives tiie lollowmg fist of tools whidi he . onsulers will 
give the best results when containing the lollowing peicnilng.-s of ..ubon.— 
Carbon 4 \xit er nt. - 

Small planing and turning tools, drills and cuttets, r.i/ois and surgical 
instruments. * . 

('arbon I'l 5 jKT t ent.-- • 

Heavier turning, p!amng>and slotting tools, drilN, ciitUis, re.rmers, and 
engineering t^ols. 

Carbon 0*9 per ( cut. — * 

l^rge circular cuttc rs ; reamers, taps, .screwing dies, heavy tuiinng tools, 
large drills, and taps. 

Carbon o 8 per cent. - 

(\)ld chiaels, hot setts, small shear blades, and large' taps, 

C'arbon c#75 per cent.- - 

Screwing dies, cold setts, hammers, swages, minting dus, tmneis’ dulls, 
smiths’ too[s, jiuiulies, and shear blades. 

(arbon 0*65 per Gent. — 

.Suitable for snajo, dies, cup drifts, liammcrs, and stamj)ing dies. 

Tool Steel Charges and Analyses.- 1 he best tool stei Is an- usu.illy niade 
from specially selected blister stc el, jiroeluced by tlu*( < menlation of tlu- best 
(jLiahly liar iron. For many years nothing but tins in.il< rial w.is used for all 
kinds of crucible steel manufacture. .Subsequently it was (oiiiid lu i < ss.iry, with 
the advent of othc-t jirocesses and compitiiton, to employ eluaper r.iw malerialii, 
such as j'uddlcd bar iron, (ontaining snlficunt ( .iilion to give the desired results 
in the finished steel. .At a still later stage, steel (roin opt n-lieartli liirna< es and 
Hessemer converters has Ixcn used m the m.inufacture of some < lasses ol tool 
and other steels. Sir llenry He ss<‘m( r slated* in i.SKq, that at hast om.‘ hall of 
the crucible steel in Shetlield was then made from Htssemei and Siemens’ .scrap, 
simply renielled. 

At Kapfenherg,* the jirincipal centre of crucible steel maniifaclure in the 
Austrian Alpine region, the basis of manufacture* is the charcoal pig iron of 
Kisener/ and Vordt rnbt rg, smelted from Spathic ores cif the St)iia*i F.r/berg, 
which var) in eomj^osilion antl^produe c the lollowing jk rcintage an,il)se.s of pig 
iron : — 


Carbon . . 

1 . 

• • 35 

2. 

q 20 

•Silicon . . 

0 1 1 

0 24 

Mang^n(*se 

G 8 

2 .10 

Fhos{)})orus 

0*0^ 

0 07 

Sulphur 


0 02 

Copj)er . . 


0-005 


The puddled steel made from the jug ?Von is converted into bars by rolling. 
1 ht'se bars are hardened and broken ft;r sorting In fore* being melted in the 

‘ “J'^cjrn.el Ircjii .md .'^tetd ’ 1884, II. 

* “ r.nj;;inrcrinf; 1 <^\m vt j> 405. 

* “■ j<'! in.il Iron and '>lrcl Instmer-,” 18H4, II. p ^7^. 

* “ Idoctcdiiigs Instmujon of Coil I'ngiijc* vol Lx»n, ji. 470, 
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crocibic. It is stated by A. I^edebur, that as a result of a long continued ^rics 
of experiments, the addition of mild steel— either liessemer or o[)en*hearth, to 
the crucible charges, has been abandoned. Ibis, of course, refers to the 
manufacture of tool steel. 

The almost universal practice in America, sa).s Campbell, ‘ is to put charcoal 
into the crucible with tlie bar iron, the absorption of caibon iTOgressing with 
rapidity when the metal is fluid. 

There can be no doubt, however, that the practice followed by most Sheffield 
manufacturers of using blister steel made from bar iron by what is known as the 
Swedish Lamashire hearth or Walloon [process from the [)ra( tica'ly pure pig 
iron made from Oannernora and Persbyrg iron ores, has earned for them a 
reputation which is w'orld-wido. The‘anal>Ms of Swedish bar iron ■' before 
being cemented, is as follows . - 

Si Mn V ^ S 

® *^4 0 02 0*13 o oi 0 016 jKT cent. 

Self-Hardening and Hig:h-Speed Stoide -Mr. Robert Mushet discovered 
that tungsten, ad.lcd to ordinary carbon sled, produced the remarkable properties 
of self-bardciung. * ‘ 

Heokcr-* gives the composition of the original self-hardening sled which was 
known as “ R. Mushet’s Spe, as follows - 


Carbon 2-0';^ 

T ungsien ^ ‘ 

(4ironmim o ^ \ 

MauganeS'- > ^ 

Silicon I’i j 

niid tlie sanio aiillior ^ivo-i the followini! aver, me i)ereeiit.i,i;e .ui.ilyses in Table 
aLVII of ao brands of sclf-hardenirtg steels and 20 brands of good high-speed 


Carl>on . 

Tungsten . 

MolylHlcntiin . 

Chromium 

Vanailuiiu 

Manganese 

Silicon 

Phospliorus . 
Sulphur . 


TAiii.E xr.vir 


A 

N’AI VSFS 

OF Hi(.ii.bi>i-H) 

Tool S 1 1 

El S 








K<s I'lmiicitiJed bv 



lIigh-'-fK-cd. 


1 i> lor a^ 

x-it alProti 





* 

1 

(uttu 

2 '>te<L 


H.k;!. 

1 lo. 

\\cta^p 

1 H,k!, ’ 


I 

i ^ 

1 8 

4 S 8 

^■4 

1 1 1 ) 

- 

' I 1 

1 

073 

IS 0 

3-5 

i 

23 43 

• 

0 >2 

17 M , 

T) 4 X) 

0 OS 2 

'17 81 

! 0674 
18 19 

1 0 

3'4 

1 0-07 

40 

1 7-2 

2 23 : 

3 <15 

' 5'47 



' 

«3 

1 O’ ^2 

0 00 

0 32 

0 ' 2 () 

r 8 

3’5 

1 0 oS 1 

0 13 

' 0 3 ‘> ' 

«‘^3 , 

u 07 

0 1 I 

T*';, i 

I 04 

i o-i 6 

0-22 

1 H 

0 43 

0 049 

, 0 043 

0 0 ]2 

I 008 

0 ; 

0 OlS 

, 0 029 

0 013 



o-oi 5 

005 

j o’oo 4 

O’Ol 

j 0 OK) 1 

0 008 1 

— 

J — 


Campbell, ' The M.inufacture ami Properties of Iron and Steel,” p 
‘ J'jurnal Iron and Steel Institute,” 1908, II, p 
Pecker, " High SjKcd Steel,” p. 46 



CHANGES, AXAiySES AND USES OF CEI C/F/.F STEEL 


H. Lc Chatelier * gives the following as an average constitution for a rapu! 


tool steel ; — 

Iron .... .... 

'J'ungsten . . . 1 ,, 

t hruniiuni . . ..to', 

.M*o!)bti(.num . ... ro ,, 

('.irlion . . • . ' 

Si!u on . . . o 2 

Man;.:.in<‘Sf . o j 


Tlic j'lerrentages of pliosphorus anil sulphur .tk* not 
known that both clenu-nts sliouUl not 002 p< r » i-nt , .i!ih()U|;h it li.is lu cn 

found in .inalysing Si)nie high-sjH't'd Mods th.it liu' Jl}lo:»phoru^ aiul sulphur 
contents h-ive e\< cetlcd c 05 jk r gent. 

lk-!ow IS a l.iblf run:;‘'trn steels lu.lde in Ij5,:;l.inil, I r.iMft', .nn<l 
Austria ; — * 

I vHi.i: \i \ in 

I'l ; < KN M ’.F ,'\s \ ! \ ' r > <■! t ; N,. 1 1 n S j fh 1 


« 

\N j 

(' 

1 Mn 

, 1' s 

Schneider (hoirKc) « 

no; : 

21 s 

(> r4n 


Mushcl ('' ( 1 U.rn .Hid < e , M td , .'sIk Hu Id 1 . ■ 

') HO 

1 21 0 t 

{ 1 "1 

U.J 

Other Kin.;!isli m 

<* 7 t 

2 o<) 0 t- 

IS 1 eu 


.sr>fun 

(> 15 

12 U 21 , 0 .S5 

1 

• 

Molvbdeiuitu-r hroiiic steels, having; 

the 

follow in.' 

an.ii) '.( 

, very 

Mtisf.K'tory rt sultK ; - 

« 

*(i) 0) 

(V 

Carbon 

0 </i 0 

0 '■ n 

pi r rent. 

Molybcknuin . . . 

• t - 

? ,t02 

> 7S 

,, 

Chrijiniuin 

> < 

; 2 ns 

1 7' 

,, 

High-Speed Steel Charges. -1 he foil 

oaing 

< h.irgi s of 

in.iU n.iis 

fi »r jiiodueing 


high-si>ee<l steel are tyjucal .— 

(l) '1*0 poxluee 100 lbs. of tool stCi l. 


Best Swedish h.ir iron (rut) 

82 Ihs. 

'rungsten powdi r (</> to (fA W) 

1 3 il»s. 

, Ferro-chrome (60".^ ( 'i ) 

l’’errc;-molyb(U num (8 Mo;. , , 

. . 5 lbs. 

. . .Jib,. 

(2) 1*0 produce 100 ll^s of tool .steel. 

Best; Swedish bar iron (rut) . . 

, . ibs. 

'J'ung^ten ^3wder (y6 to '' ) 


Ferro-vanadium ( tS fo 'b- ^‘ ) 

. 1 0 11 ) 4 . 

Ferro-chrome (6o'b, C‘r; . - 

. . . .So lbs. 

(3) To produce 100 lbs. of tool steel. 

Best Swedisii bar iron (eut) . * . 

. . 5 SI 1 >S. 

Tungsten powder (96 to 98% U ; 

2O lbs. 

Ferro-chrome (60% Cr) .... 

. . 1 2 lbs. 

Feiro-molybdenum (80% Mo) 

. . . 9-^ lbs. 

Ferro-vanadium \3 5 to 40 %V) 

. . 10 lbs. 


‘ “ Kevue dc Metallurgic, ' 1904, p 334. 
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In earh example, the ferro-acldjtions are added to the chaise of liquid iron, 
from lilt forcf^oin^ analysts and charges it i-> obvious that the compositions of 
tool steels admit of uide variations. 

Carbon Tool Steels. — *ln 'Table XLIX a list is found of various tools made 
from ( arhon st/ els liavmg the analyses given. Different steel makers have their 
own analyses ffjr the particular classes ol steel they maiMfaclure. 'The follow- 
ing ])( rcentage anal)S( s are given ^s t)piral only. 


'TAHLl. XLIX 


AsAivsrs or ( Ari.^is 'Inoi Sirris • 


'looV 


Small nia(.tiinr li)oi>, diilL, / 
ruttrrs, ra/"rs, \ 

Medium in.u liinc fools, dnlK, I 
( util rs, kiiiv( s, clas( Is \ 

Ilc.ivy machtie." (ooK, Ia4;(‘ I 


tircid.u ( \itU I rt.tiiK rs, taps, | 

an<l du s. I 

CmM thiscls, hot nnd (<.ld wits, I 
slic.ir MkUs, sm.dl smiths / 
tends, mid imiu li» s. | 

li.uunu I s, dir^, slmupin}.;^ 
dlC!), uiul Ilk C t""l' > ^ 


« 

CaO. a * I 

Si!,, om 

M c ' 

1 

r: 

■ S,i!pl,,.r. 

■ 1 

• 



' " 

I-] to I 4 

0-0 

0 jr, 

u (joS 

0 01 

I 0 to 1 n; 

0 015 

0 25 

0 012 

• 0014 

o\S5 to o’9^ 

0-015 

022 

o'oi5 

o'oi5 

0 7 to osS 

0 v2 

o' 2 

• 

o-f)i5 

0015 

55 to 0 65 

0*02 

02t , 

0 02 

i 0 02 



• 


i 


Carbon Tool Steel (JJiargee. 'I'o luodm e carbon tool sii el, various mixtiiies 
are used, and the throe chatges given arc^l)pi<’al only: — 


(i) 'To produec loo Ihs. steel. 

Jlest Swedish bar iroii j>o lbs. 

C'arhon steel scraj). 42 Ihs. 


Small peHenlages of carbon, fet ro-allo) s, and 
aluininiiiin arc niclltd with or added afterwards to 
the nu'lled charge, to juoduce the temper required. 
(2) 'I'o jiioduce 100 lbs steel. ‘ 


best Svvcelish bar iron 
('arhon steel st rap 
Viinehings 
W ashed metal . . 

Charcoal . . . 

T'c rro-chiome . . 

Terro-manganese . 
Aluininium . 



4 o/s. 
o/. 


... 45 lbs. 

. . 25 lbs. 

. . 20 lbs. 

10 lbs. 
5 o/s. 

) .V^^^b'd to the 

ahqve when 
) melted 


(3) Materials used for produc i 
common grade of tool stcel C — 


ig 2000 lb'., of lujuicDsteel suitable for a 


W'roiight iron 1360 lbs. 

Heads, gales, ote 060 lbs. 

Defective castings 10 lbs. 

Ferro-allo}s 12 lbs. 


'Total . . . 2042 lbs. 


' “The Foundry,” vol. 37, p. 42. 

' “ i he Amencan I ouiuliymcn’b As^>ocution, ” vol. iS, p. 217. 



CHARGES, ANALYSES AND USES OF CRUCIBLE STEEL II5 


Bteel Caitings Chtryes.—Tho compositions of stts?! mnJi* by the cnjcihlc 
process for castings admit of t*vcn a isidcr rannc l!ian llial of tool slt cls. I'hc 
mixtures or i^har^’cs may bo tnlirrly oi' very miid steel boiKr pl.Ue |umehin^s, or 
of wrought won, or llu y m.iN eonsiNt <iif mild steel st ta^> .ind j)ig won ftidifieieiU 
pro|K)rtions aihl iju.ditics a^eordmg to the tjuahty ol the (.I'-twigs re(juwt‘d. 'i'hc 
following .ire a few sample charges : ~ 

(i) Where boiler plate j>unciwngv are used only, 100 Ihs i lost ly j'aiktd into 
the crucible. Anal ) sin of jainchings 


(' c 15'^ . ; Mn o . P o o5‘\, ; S 

Wlien t)u* < harge is ftielteil, the folKiw mg adiiitioiis 
arc made • 

lo rro-mang.iiu sc ^So ,, Nfn’ i !b, 

berr<)-silj^( ion (50’b, Si) . . j il. 

Aluminium ( piwe 1 • 1 o/. 

. 'bhi Ne are broke n into pi» ( es about the su c of a 

b.i o'l nut and added to the stf 1 1 by means of a pip<' 
about 2 ini hts dianu-ter, tbiough \\lu< li tlie m,it( iiaU 
p.^Ns uito the ( rih ibh while it is still m the him u e 
,V lioI( in the I urnai e ('o\ei and .ilso one 111 the lid ol 
llu 1 riK ilde, admits the pijx- to tlu' eriu ihle ’ 

(2) I "f oidinary steel eastings, whuh .liter aiimalmg gi\t a lena<ity of 
about Jo tons jn r .sipiafe m< li, willi .in t long.ilion of 20 |>er ( < nl on .* uu lies : 

M ixcd sl( < 1 s( rap . Oo Ihs. 

">!• el ( astings ser.ip . . . * . 12 Hr.. 

Ill malite pig in »ii * Hr,. 

Aiuminiuin f.iddt d .dl< r iiu Idng) •, o/, 

(>) loir (irdinafv stct! (.istm-s us< d l-w g( m r.d wink .iiul suhjeeti d to 
pr«ilonge(l anin-aling .it Jiigh («mptiatiii( 


boih r puiK lungs 

lbs 

1 (jundry s< raj) 

H<s. 

1 1( matit( pig iioii 

Ij lbs. 

F(. rro-allos s 

i 11). 


(4) I'or urdin.iry sk< i (astings, M.iten.ils to prodiu e 2000 Ihs. h(|uid 

bt( 1 1 . 


1 oreign stt c 1 s<'iaj) (h>w phosphorus) 

lb>. 

I b ads, g^W( s, et('. 

Ihs. 

J )el' < li\ (■ ( .islings 

10 H)s. 

l'( rr(; alloys ... . . , 

i.-lhs. 

• • 'lota! . . 

20 1 2 Ihs. 

“ '1 lie Fotinihy,” vol. 37, j), ,^2 

1 l*c A III' dl ifi h <. until) iDf li'. ANSt^cutioii, 

V(;l. |S, 1 .07. 



PART II 

'I'liiv iiKssi:Mi;R pkockss 


CIIMTHR XII 

UlE ACID PROCE'^S 

Historical.— Tlu' story of the early stni^^gK s, def* ats, ami surce^es in develop- 
ing the 1 !( sscim-r jtrix'ess h.is all tiie fascination ol a romance. Sir Henry Bes- 
semer, in an autograph letter ulmh uas presented to the American Institute of 
Mining I'.ngineers by the then Sir Janu‘s Kilson, Ba;t ,*has given a graphic 
account i)i what led to the exj'eriments which ultimately hroiiglit him so much 
w'ell earned renown Wink' engaged with projectile Inals m the fortress at Vin- 
cennes, an odii'e r made a tasual remaik about sujierior material for guns, which 
arrested Iksseiiui’s attention “ 'I'his t^asual observation,’' sa>s Sir Henry, 
“ was the spatk that kindled one of the greatest industrial revolutions that the 
present cenlur) has to record, lor, vlunng my solitary ruk <n i ('ah that night 
horn \'iiucniRs to Tans, I made uj) ni) mind to try what I could to improve the 
(juality of iron used m the manufa(Ture of guns " 

It was at the ('lieltenham meeting of the British .\ssociation on .Vug. iith, 
that Sir H(nry Bessemer made known to the world his j>rocess. Licences 
W’cre in great demand. 'I'he idea of conveitmg iron into strel in a few minutes 
without the aid of external luel was staithng, and aious('d the curiosity of manu- 
lactiirers of wiought iron. But the imperfe* t knowledge of liie chemical reac- 
tions m the pro( t ss and the mthu'm'e of the volume and pressure of air, as well 
as a wroig conccj)tion that any class of pig iron could be used in the process, 
contributed to a rapid reversal of ojunion regarding the merits ot the dtscovery. 

Other investigators in this country and abroad had been working towards the 
same ol)jC('t 'I'he interest aroused by the [latent of jbsc |)h (lillott Martien,^of 
Newaik, New Jersey, V S .\., date d vSejrt. 15th, 1S55, and the e\|R.riment of Mr. 
(leorge Barry, of the Lhbw Vale Ironworks, in October or 'Xovember, 1855, 
have long since been forgotten. Dr. Percy, ‘ m referring* to ‘.Mr. Parry’s e.\j)en- 
ment, says that “ if an accident had not unfortunate ly occurred, Bessemer might 
have been shorn of his glory.” 

On Jan. lotlr, 1857, William Kelly obtained his first .Vmerican patent, and 
claimed, sa)s Mr. K. W’. Hunt, ^ “ priority m the discovery of the pnncijiles of 
the proces.s, and the Patent Otlico allowed his claim by granting him patents.” 
Bessemer had, however, obtained patents for his [)rocess in .Vmerica dated 
Leb. i.nh, 185(1, .and Aug. 25th of the .same year, and while the Kelly Pneumatic 

' IVicy's “ Mct.allurg) : Iron aniJ Strd, ’ p S12. 

* *' i’t.rns. American Institute of Mining Lnginecrs," vol. 5, p 201. 
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Froc«ts Co., which was fornu*<I in i86; and finally ahandoncd in iShg, \va.s 
allowed to ojH.'rate the j atents of Kelly, and was the first to make Hesserncr 
steel in Anienra at the works at W'yaiulolte, in the iSOj, umler.lhc ilirec- 

lion of Mr. \N’ F Pnrfee, it has loni* since been admitted that tlie inner and 
governing j'rineiple of tlic great discosery emanated from tlie In.nn of llie 
genius Henry Iks-'cm^ r 

The pioneer of the Kessemcr process in America, ami oiu* to w liom all steel 
men would readily award tlie honour ol h.wingsery l.irgely contnlmlcd to its 
development and success, was Mr Alexander M. Holh y. It was lu* who m'go- 
tiated wall Illsscmer the Amencan \^.\Unl lights for the Winslow-, (InswoKl, and 
Holley ('o., and .slartal, m Fil»., iSo5,,the fast ton converter at Troy, New 
York, thus inauguraimg the luvsinur stefl prinluction of Amein a, w Inch, during 
the Near 191 1, amounted to tons* Mr. Kohert W'. Himt,^ in his 

presulcnlial mjdrcss in i<;c6 to*thi American Instaulion of .Mining Fngincers, 
Mid, in rehriing t(^ Afluraan IF ssenu r praMicc, “that the n.imcs ol Holley, 
John Frjt/, (leorgc Frit/, William R Jones, Hamel F. Jonch, and Rolu-rt For- 
syth furni.sh a gal.ixN ol tahiu which makes plain why Aimriia so soon forged 
to the front in Hcsvuncr sti-el prodm tion " 

doing hackwaids to the introduction of llu* process in this eountrv, pt rliaps 
the most eventful )ears in the eaily lustory of llu* process were the hot two, 
during which Ih -semer had cause to rcflei t that he had too readily grant’d 
lieeruis |(>r a pmct ss the full signili(Miio<‘ of whuh was not at first nalisid hy 
hrrnsi If. While he w^s struggling to p< rfect liis process, others wc re rxjK*rrmenl- 
mg with the same object. James Rih-y lellsd)( a crmle expermu.nl made in 
1857 at the ('oats Iron Works, S( otiaiul, hy .Mr. 'Fhomas Jackson, and after- 
wards of expenments at tire works of William 1 )i\on,* J.td , all of which weie 
unsatulaclory. 'I'o Robert Mushet,^n this eounlr), and to h (loransson, in 
Sweden, the coinmer* lal su« < ess of the process is largely due. Froh ssor Akci- 
mann,* r> hiring to ( lor.insson’s early expcnyicnts with the lt(*ssenu-r pnx'c ss at 
thiC l-'dske Ma.st furnace works m 18^7, sa>s th.it, “until the middle of jSc;S, he, 
like .'sir Henr> himself, had sue<i-eiKd only t, \< i plionally m tuiniiig out a goocl 
jiroduet while following the advici ol the iiut lUor to lay the gre.iit st weight on 
liaMiig a high {ir< ssiire ot blast I'y (lcp,irting from tii.U .adviM, hy means of 
larger lu)ere area and an ahundanl siipjcly of blast, dor.insson was able, liigiii 
ning with July iSth, 1S5H, o) to '-boric n the time nccc-ss.iry loi the pr(>('ess, and 
ihcreliy mc.:L‘asc the heat ol the blow, liiat an improved prculurt w.is ohtaiiU'd , 
and from ,.that dav- forth tin* succ c ss of tlie Hcssc-mei prea i ss was first assured ” 
Frcjfes.sor Akcrmann alsc) tells how (ioransson suit 15 tons of ingots tu ^sh< flic id, 
made by his iiiijucivcd me ih.oil, svhile F.esserner was still struggling to make good 
steel. It would apjicajr that tin* improvc-mcnt made hy ( im.uoson imjiresscd 
Ik-Nscnu r, who, for two fe.ar.s aflc-r the hMske; Inals, used .Swe^duh pig ircai only 
in ins converter at Shedield. 

It was reec^giuscd in this (c)untiy tiiat Koheit Mushel’s jolc nt cjf ,^epi 22nd, 
1856, had a consirtcralile inlliuiue in removing from Ifessc-iiu r st- < 1 the red 
shortness which, among other ditficuhies, lie.ssemeT was tin n i ml« a\ouring to 
overcome. 'I'he injurious [)re'-encc of siiljihur in ores, the relation of which to 
the other elements in the ircm was not so fully undersloo<l then as now-, was 
counteracted by additions of manganese*, ancl to tins day the; value of manganese 
in Bessemer pig irons is well know*n. It is, of course, unde istc.f)cl that the Bes- 
semer process admits of the use of numerous varieties of [ug irons, many of 

' " M.iu-ral , ’ lOlI, j). 42U 

^ “Iran-.. Amcnc.irj Irtstilule- of Xfjrj.'ng Ln,,ifi« < r vo!. 37, j». iijt, 

’ ■* fournal Iron and Sicet InstiUiU-,” 1SS5, II, ]■ UM 

* “ 1 fans. American InsUtulc of Mining KnguKtrv,’’ \<.l. 22 , ]> 266. 



UQVID STEEL 


Il8 

which are low in manganese; but the balance of the heat-giving elements— 
silicon, manganese, and carbon — must be maintained to produce good steel, in 
which thej)resciK:e of mapganesc is necessary fur success. 

Aj)art from certain improvements in the mechanical features of the process, 
nothing [)arlicularly striking took place until the introduction of the basic 
lining in the converter by 'riiomas (blchrist, to which reference is made in 
Chapter XIII. • 

'i’he “ Acid bessemer Process,” besides other large steel processes, has 
benefited by the use of the mixer, introduced first by Captain Jones at the 
ICdgar 'i’hompson Works, U.S.A., in 1899, and simultaneously ^n Germany. 
Much of the irregular quality of steel jiioduced was due to the variation in the 
metal taken direct from th(' l)last furnace. The use of the intermediate process 
of rernelting in lh(‘ cupola is still common in many works, although where the 
mixei IS installed there is not now the same necessity for it as formerly. The 
practice of using iron direct from the blast .furnace was first introduced by 
Goratisson, in 1857. 

The Bessemer Process. — The outstanding features of the Bessemer process 
are better appreciated by contrasting this process with other processes. All 
steel mamifacliire is hasial u[)on the elimination, by means oxidation, of 
certain ineLalloids from tin; iron used in the maiuifarturc. d'he yroce.sses differ 
one from the other prim ipally in the methods employed in carrying this into 
efiect. In the ciucihle steel process, oxidation lakes plan? in a very small 
degree and at a slow rate, becausi^ very little air is allow c(i»-to enter the crucible 
to promote oxidation. Also tlu action of the materials of which the crucibles 
are made and tbi^ oxides of iron in the materials melted are too feeble to form 
slags in any marked dc'g'.ee. A more accelerated rate of oxidation takes place 
in the molten lialb of metal in the opeftdiearth furnace where various mineral 
oxides, as well as the oxygon in the atmosphere which unites with the hot 
gases passing into th(‘ furnac(‘, contglnite to the rapid oxida^^on of the impurities 
in the raw materials during the process of conversion to steel. 

In the Bessemer [irocess a very much more rapid oxidation of the metalloids 
in the molten metal lakes {)lace, not because heat is apjilied from external 
sources as is necessary in the other processes of stool manuta< lure, but because 
of the enormous and extremely ra|)i(l generation of internal heat due to the 
chemical actions and reactions prodiicecl by the oxidation of tlie principal heat- 
giving elements in the molten pig iron under the inlluence of a volume of air 
passing through the metal at high pressure, without the assistance of any external 
heat whatsoever. It was very soon discovered that the principal heat-giving 
elements were siheon, manganese, and carbon, but the presence of other 
elements, .such as phosphorus and sulphur, Was not ^nly objectionable, but 
could not be oxidised by the ox)g(‘n m tlie .same way tfs silicon, manganese, and 
carbon. As the separation of phosphoius and sulphtr was a hopeless task by 
the acid prexess, the process was limited to the conversion vf pig irons which 
were free from harmful proportions of these elements. • Thft commercial scope 
of the acid process demanded the use of iron containing not more than 0 06 per 
cent. P as a maximum, and o'o6 per cent. S; and steel with these proportions 
was only api)lical)le to certain classes of work where the ductility w’as not a 
matter of im])ortancc. Until the introduction of the basic lining in the 
Bessemer converter, many ore deposits were quite unsuitable for the Bessemer 
process. 

The o.xidation of silicon in the first stage of the process provides more heat 
than any of the other elements, and consetjuently raises the temperature of the 
bath and makes possible the rapid conversion of the carbon at a later stage to 
COg and CO. The manganese in the iron is also oxidised in the first stage as 
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well a i)orlion of the iron and a very small amount of carbon 1'bc order may 
be briefly slated as follows ; — 

1. 'I'be coinersiori of a large percentage of silicon to silicate of iron, together 
with the oxidation of manganese, both of \\l)R'h loiin slags • 

2 Tlie carbon ^^h!ch lus been slightly oxidised soon alter tlw' eomnienre' 
inent of the* blow, now passes olV as ('(). and ('(> at a gradually 
increasing rate, \iolent tbiilhtions Liking pl.u e meanwhile during that 
jrart of the process known as t)u‘ “bod.” 

3. d'he final jieriod is confined almost (‘ntirely to lire elimination of the 
carrion, the heat being most intense and the carbon being burnt t bielly 
to CC>. • 

'rhese 3 perioiis are also \ery welf detined by the < oloiir and form of the 
llanie which issu(..s from the mouth of tin* converti'r : - 

1. I'be issue of brown tiiimis accompanied with spaiks, the lighting of the 

gases into a #^hort flame and burning to a bright yellow^ and longer 
tlarne are the significant features. 

2. 'Hic “boil,” during wlm b so much internal distmbam e takes place, some- 

times heaving larg(‘ masses of slag from the vessel, is accompanied by 
a more intense and more luminous flaim* of vai)mg length. 

3. i'be “ ca*bon stage,” which is of long or short iluration according to the 

amount of carbon kft afti'r the “bod” is over, is tjuile distinct from 
the tw'o earlier stages It is ebaiac tensed by a < l< ai long white flame 
tinged with blue, curling m woollv form at the mouth of the converter, 
and having long, fork-shaped tongues of lire sevi'ral h'et long. When 
the carbon is nearly exhausted, a j^ronouneed “drop” in the flame 
takes place and tb(‘ flame bei'omcs discoloured with fumes of iron 
oxide, the definite sign to turn down the vessel. 

The Progress and Duration of fho Process. 'l'h<* rate of oxidation of the 
impurities in the metal during the process is deiK-ndcnt upon at h'ast three 
things : -ist, the a ^alysis of the pig iron eiiTployed ; 2nd, the temi>eialiire of the 
metal at the commencement of the blow , ami 3id, the rate ol prodiu tion, or 
the interval between each blow', in this country it is C(mimon to use pig iron 
which contains from 2 to 3 per cent, of silicon, with manganese* from 0*5 to 
1 25 per Cunt, while* in America it is more geiuTal to use pig irons with about 
ro to I 75 per cent, silicon with 07 to I'o per e ent. mangane se. In Swe*(len, 
the pig iron generally used does not contain more than 10 jx r eeiit. sdie. on 
with 2 o to 4 0 j)er cent, of manganese. 

Where pig iron is |)ractically fre-e from phospiuirus anel suljjlmr, any of the 
above classes of iron will give satisfactory results, but the blow will be ^)rolonged 
accordiyg to the excess of silicon and manganese ove r that reeiuireel to [irodiice 
the heat necessary for the conversion of the metal, dhe fedlowmg examjeles 
illustrate how' high and low silicon j)ig iron ( barges influence the.* r.ite; of output. 

Pig Iron Charge with Low Silicon and Low Manganese. - In the rase of 
very low silicon irons sue h as are used in some w'orks in Amcric.i, with low 
manganese content asVell, it is only possible to obtain suce e ssfui lie,ats when 
one blow follows another in rapid suce.ession. Howe,' in his note s on the 
Bessemer process, refers to a typical American blow in who h tlie c:omiK)sition of 
the metal and slags at various stages of the prej(ess are give n, fiom I able L 
it will be observed that in 9 mins. 10 secs.,rfo tons of iron are converted to sled, 
that IS at the rate of over i ion i)er minute. 

* “Journal Iron aneJ btccl Institute,” i8(/^ If, [ • 95* 
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' I’lans. American Inst, of Mining; Engineers,” ^o\. 9, p 259. 
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Metal us^.-C 3^6 per cent.; Si 3 398 per cent. ; Mn o 491 in r cent 
Steel produc^ -C 0-034 cent. ; Si 0 043 l^ r cent. ; M„ o .os per cent 
. the removal of C, Si, and Mn in i8 minutes amounted tti— 

C 3-536 per cent. ; S. 3 355 1 ^ cent. ; o 39. per cent 
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When compared with the low silicon charge in Table I., which was com- 
pleted in 9 min. lo sees., it will be noticed that the silicon content was 2*398 
per cent, against 0 94 ^ler cent, m the cliarge which look 9 mins. 10 secs, to 
complete. 'Phe rate of oxidation of the charge given in 'Pable LI is shown in 
ng. 47 . 'f he tcrn{)eratiire of the metal at the commencement of the charge is not 
given for either of llie charges described, but this has an inlportant bearing on the 
rate at which the impurities are removed. If the temperature is rather lower than 
usual, it may be a few minutes before any appreciable amount of silicon is removed, 
and little if any carbon, the iron meanwhile being oxidised. On the other hand, 
when the temperature is high, the silicon rapidly oxidises. It has been found 



Fig. 47. — R.ilc of Oxidttion of Carbon, Silicon, and Manganese during Blow piven in 

Tabic LI. 


that when the temperature of the metal is very high, the carbon is attacked 
before tile silicon, leaving a silicious steel as the result of the blow. 

Some experiments in which we were interested revealed this veryfact. It 
was found necessary under certain circumstances to nujf the Bessemer pig iron 
in an open-hearth furnace, instead of in the usual cupoja, the result being that a 
reduction in the caibon and silicon content took place. The iron being diluted 
by means of low carbon steel scrap, yielded a metal forjhe converter varying in 
carbon from 2 to 2*5 per cent. ; silicon I'o to i'5 percent. ; and manganese from 
0*5 to 0-75 percent. If the temperature were not loo high, very rapid blows 
could be obtained ; with an excessive temperature erratic blows would result, in 
which the carbon was burnt out before the silicon, producing in some cases 
unsatisfactory steel. These trials were conducted in a 2-ton side-blown Bessemer 
plant. 

In the ordinary bottom-blown converter, the temperature of the metal in the 
bath is regulated by additions of scrap steel or steam. Scrapping is the common 
practice in this country and on the Continent. In America the use of steam is 
also practised. This is carried out by introducing a small pipe, about a inches 
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diameter, into the blast pipe leading to each scjxiratc ctmvcrter, Ihroiigli ^^hlch 
steam at about 50 lbs. per square inch pressure is lusseti. 

Swedish Practice. — It is most common m S\\eden to employ p\^ iron h>r 
conversion to steel which contains from o-q to ro jxr cent. Si, wuh not less 
than I'S per cent. Mn, and j>refer.\bly inglier percentages — fn>m 3 0 to 4*0 ]H*r 
cent. Mn. If the mai^ganese is low, and the metal is not vary hot, there is the 
danger of a cold blow. With good hot metai excellent result.s are obtained, the 
progress of the blow being the same as in other lounlries. 

British and Continental Practice. — Higher .silicon jug iron is more 
frequently used in this country and on the Continent for tlie Bessemer pnx'ess 
than in America or Sweden. 'I'hc sHiepn content varies from 3 0 to 3*5 per cent, 
or even more, and the blow is longer — sometimes from 20 to 30 minutes. 'Phe 
same outstanding characteristics are observed in the oidinaiy blow as revealed 
in 'I'able Id, w hu h in many r< ?p( Cts represents British pracliec. 'Phe manga- 
nese IS {K-rhaps rather ftiwer ihaq the average used in tins country. 

Additions to the Charge.-— 'I’lu- practicein this coiinliy and m most countries 
is to add ferro-manganese to the charge in the projHirlion requiicd to make the 
desirc'd steel. 

In Sweden it was the {iracticc for many years to stoptiu' blow when it reached 
that stage of o.xTdalion winch left in the steel tlu' amounts of caihon and silicon 
recpiired. d'he use of the speelroscopo to examine* the flame and control the 
ojieralion accordingly was also c'ommon. 'Phis practice has not found favour in 
Britain, 'I'lie luimatt elenumt ('liters so much into the question that irregularity 
of product IS likely to tesult in trying to stop tlic blow ht-lore the ( arhon has 
been Inirned out The “dtop" of the flame is an almost inf.illihle guide to a 
regular carbon content, and wh.itt \cr additional rarbomis requirrd ( an he added 
with more certainty of obtaining correct results llian by trusting to the colour and 
form of the flame. 
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When compared with the low silicon charge in Table I., which was com- 
pleted in 9 min. lo sees., it will be noticed that the silicon content was 2*398 
per cent, against 0 94 ^ler cent, m the cliarge which look 9 mins. 10 secs, to 
complete. 'Phe rate of oxidation of the charge given in 'Pable LI is shown in 
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rate at which the impurities are removed. If the temperature is rather lower than 
usual, it may be a few minutes before any appreciable amount of silicon is removed, 
and little if any carbon, the iron meanwhile being oxidised. On the other hand, 
when the temperature is high, the silicon rapidly oxidises. It has been found 
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that when the temperature of the metal is very high, the carbon is attacked 
before tile silicon, leaving a silicious steel as the result of the blow. 

Some experiments in which we were interested revealed this veryfact. It 
was found necessary under certain circumstances to nujf the Bessemer pig iron 
in an open-hearth furnace, instead of in the usual cupoja, the result being that a 
reduction in the caibon and silicon content took place. The iron being diluted 
by means of low carbon steel scrap, yielded a metal forjhe converter varying in 
carbon from 2 to 2*5 per cent. ; silicon I'o to i'5 percent. ; and manganese from 
0*5 to 0-75 percent. If the temperature were not loo high, very rapid blows 
could be obtained ; with an excessive temperature erratic blows would result, in 
which the carbon was burnt out before the silicon, producing in some cases 
unsatisfactory steel. These trials were conducted in a 2-ton side-blown Bessemer 
plant. 

In the ordinary bottom-blown converter, the temperature of the metal in the 
bath is regulated by additions of scrap steel or steam. Scrapping is the common 
practice in this country and on the Continent. In America the use of steam is 
also practised. This is carried out by introducing a small pipe, about a inches 
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were composed of {a) limestone and 10 per cent, silicate of bcxla, and (b) lnn<- 
stone and 10 per cent. firecla>, but in making basic brinks after w.iids prat lual 
use in steel works, the experiments which have lieen madt‘ with ditTtient com 
positions and methods of manufaiture are too numerous even to name, bucks, 
however, made mainly of lime, with a little magnesia and alrout 2^ to j jvr cent, 
of silica, w’ere used wfth much success in Austria and (Icrmany, and by some 
English makers for the linings and bottoms ^f convertt rs.‘ Sometimes linings 
have been made of bricks of caustic lime obtaineil from pure limestones, but 
it has been more general to use the combination of lime aiul in.igncsia in the 
form of calciiied dolomite. Magnesite briek.s, as well as chroim* iron on‘, have 
also found their place in the develo|fhn^nt of hasu linings fi)r conve rters. I he 
processes of manufacture of materials for^the various kinds of linings, including 
calcining, grinding, mixing, and drying, have demanded the attention and skill 
of many experimentalists. • 

Basic Fluxes. — winle the history of the basic lining is full of interest, the 
researches made in endeavouring to t.)btain suitable thixes to proMde a rcaily 
means of eliminating tiie impurities in the metal with a minimuni ol loss liotb to 
metal and lining, warrant no less ('onsult‘ration both rhom.is and ( iih hrist • 
discovered in tlieir early exiH-rimcnts that “the prcM nce ol a i onsulcrable 
amount of limc*in a not too silicious slag is lugbly favouiablc, and on a large 
scale es.sential,* to the renujval ot phosphorus.” 'riiey rc< ogmsc < 1 , also, that lime 
and the oxide of lime are fusible in many proj>orlions and «'ould be iis( d w ith 
advantage m the pro^)ortions by weight ot one-tlmd “ blue bill) ”* to two-tbirds 
lime. In both these ^acts they laid the foundation for rcseaich, which has 
brought forth ample varieties of the application of lime and iron oxides m 
different pro|X)rtions introduced to the metal at ilillwrcnt periods iliinng the 
conversion of j)hosphori{' pig iron to yecl. 

One other imix)rtant fa( t, observed by both Thomas and (iilchrist, wIik Ii has 
remained vital to the process, is what is known as the “afiir blow ” In the 
Acid bessemer process, wlien the carbon isimrnt out, the metal is immtdi.ili ly 
attacked and the steel destroved if the blow is j)rolong(<l. ( ontrary to this 
cxjxjrience, tiiey fouml that the grtater part of llie phosphorus was not removed 
until after the carbon was o.xidisi d, Ikmicc tlie continuation of the blowing for a 
few minutes, which is termed the “ after blow ” 

Development of the Basic Process. Associated with the* development of the 
liasic bessemer process are the names of many well-known iih lallurgists and 
''teel cx|>e*rts in this and other countries, such as .Snelus, IC \V Kk hards, Martin, 
Percy, Stead, WT’dding, and other invcstigat(;rs, who have more rreenllv earned 
out research. 

WheiT continental steel-makcis acquired the rights to use the basic jirocess, 
suitable native ones favri^ired Us develo[>menl in their bands. 'I'he dilfirnltics 
referred to regarding liniQg and Ihixes were small r.oinpared wuli the advanlage.s 
gained by the employmenl of native instead of foreign iron. St( < I w(;rks m 
(iermany, Austria* Jknd J^rance were speedily making use ol the n< w pn^i css, 
while m England, the country in wbirh it was discovered, (jnly tardy progress 
was made. The reason for this is found in the fact that the phosphoric ores in 
(Ireat Britain, j)articularly the (Jeveland ores, did not encourage ihc j^roduclion 
of basic pig iron. I'he presence of a high percentage of silicon, with a com* 
paratively low phosphorus content, gave fise to raj>id wastage of converter 
linings, and larger quantities of lime had to he added in order to obtain a 

‘ “J<^urnal Iron and Steel lastilutc,’' i88r, II, p. 403. 

* 1879, f»P- 123. , 

* “blue billy” coiUains on an avtrarc 06 n<.r cent, of I'e.ru (I'liillin?, " Klcnienl* of 
McUllurgy,” p. 309). 
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When compared with the low silicon charge in Table I., which was com- 
pleted in 9 min. lo sees., it will be noticed that the silicon content was 2*398 
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given for either of llie charges described, but this has an inlportant bearing on the 
rate at which the impurities are removed. If the temperature is rather lower than 
usual, it may be a few minutes before any appreciable amount of silicon is removed, 
and little if any carbon, the iron meanwhile being oxidised. On the other hand, 
when the temperature is high, the silicon rapidly oxidises. It has been found 
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that when the temperature of the metal is very high, the carbon is attacked 
before tile silicon, leaving a silicious steel as the result of the blow. 

Some experiments in which we were interested revealed this veryfact. It 
was found necessary under certain circumstances to nujf the Bessemer pig iron 
in an open-hearth furnace, instead of in the usual cupoja, the result being that a 
reduction in the caibon and silicon content took place. The iron being diluted 
by means of low carbon steel scrap, yielded a metal forjhe converter varying in 
carbon from 2 to 2*5 per cent. ; silicon I'o to i'5 percent. ; and manganese from 
0*5 to 0-75 percent. If the temperature were not loo high, very rapid blows 
could be obtained ; with an excessive temperature erratic blows would result, in 
which the carbon was burnt out before the silicon, producing in some cases 
unsatisfactory steel. These trials were conducted in a 2-ton side-blown Bessemer 
plant. 

In the ordinary bottom-blown converter, the temperature of the metal in the 
bath is regulated by additions of scrap steel or steam. Scrapping is the common 
practice in this country and on the Continent. In America the use of steam is 
also practised. This is carried out by introducing a small pipe, about a inches 
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Tlic table above aKo scr\cs to show with what rapidity llu‘ reactions take 
place. This is, of course, (h^pendcnt u|K)n the roinposition of the iron, the 
temperature of ftie liath, and the charai t<T of the sla^^ presemt. It will be noticed 
that the silicon is reduced to a trace in 2 to minutes, the raibon luing almost 
entirely removed during the first period, which o('(uj*i<s liom H to 10 minutes. 
'Phe dejihosphorisatipn then pioi ia-ds rapidly, when carbon is jiractually absent. 
If the t( mj)erature of fhe iron at the commencement of llu* blow is lugh, then 
carbon burns more rapidly, and the time of the lilow is shortened. '1 he aflinity 
of carbon for oxygen increases more as the temper.i^ure rises than does the 
affinity of iron and manganese for ox^^en. The be.st icsults in the basic jirocxess 
are obtained when the temperature of the nu tal is liigh at the commeiiet inent, 
and not too hot during the “aft<T blow*.’' 'I'Jie practice in some works of tiiarg- 
ing scraj) into the cCmvcrter with the molten pig iron does not eiu ourage a good 
start, unless the molten |)ig iron from tlu' nuxei is very hot. Duimg the “after 
blow" the conditions are rcNcrsed, and a lower temjierature promotes more 
rapid oxidation of phos[)horus, seeing that the affinity of the latter lor oxygen 
grows less as the temjieraturc of the already very liot metal rises. While under 
such condition the iron is attacked and oxidised, and also any manganese left 
in the metal. 

'I'herefore, with a cold heat to start, slow oxidation of the carbon pro( eeds 
with a more rajiid oxidation of mangam se and loss of iron ; with a Imt “after 
blow ’’ in the same heat, the .sJow oxidation of the phosphorus jiroceeds with- 
out sufbtient manganese being* left to protect tlie iron from oxidation, lienee 
considerable waste is jirdduced. 

'i’o cool the blow and maintain a sufficient tem{)erature, various means have 
been employed. Lime and scrap steel additions have been ];<‘rhaj*s nuisi 
common, but witli 4 hes(^ universally good results have not been obtaim-d. Lime 
is a slow conductor of heat, and large additions of scrap lend to [produce sluggish 
metal. 

MoDii’irATioN.s OF Till': Basic lb<0( Kss 

• 

Scheibler’a Modification. — Trofessor C. Scheiblcr* obtained good results at 
several steel works in Germany by the use of lime additions m two stages of the 
blow', i.e, two-thirds at the start, before charging the metal, and one-lhird during 
the “after blow." The lota^ amount of lime used was roughly one third less 
' “ ProcceJings Institution of Civil Engineers," vol. exx, p, 437. 
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than that used in ordinary practice. Different results were obtained in the 
various works where Ins modification was introduced. At (iutehoffnungshiitte, 
for instance, the first charges finished so hot tlut a large addition of scrap was 
necessary to cool the steel, while at the Rhenish Steel Works the second addi- 
tion of lime was found to have a strongly chilling effect, ami considered suitable 
only with pig iron which produced “hot blowing." For^basic iron with lower 
silicon and phosphorus, the use o£ the whole (jiiantity of lime at the commence- 
ment of the blow was preferred, as otherwise the finished charge could only be 
cast with difficulty. 

Plohr’fl Modification.— Another modification, introduced by Ilohr, has 
been specially apjilicable to the better regulation of the heat in the “after blow." 
Lime to the extent of about 13 per cent, of the weight of the charge is added 
before the metal, and just as the s<‘cond period of the blow' is aiiproac hing, when 
the carbon has been almost entirely removed*, briquettes consisting of rolled 
scale, well screened, ground, and mixed with slaked lirf/e, arc thrown into the 
converter. I he effect produced upon tin.* metal causes a rapid reduction of the 
phosphorus, thus shortening the “after blow" and reducing the waste of iron 
throughout the heat. The phosphoric acid in the slag is also iiirrcasi'd, due to 
the presence of dissolved ferrous oxide, which increases the capacity of the slag 
for ahsorliing phosphoric acid. 

'I'he comiiosilion ' of the briqucUes is as follows 
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Richards’ Modification.— Anoilu'r modification of the basic process, which 
has [iroved very economical when using Knghbh high silicon ,])hosj)horic pig iron, 
is that which was introduced liy Mr. A \V. Kk hards at llu; work.s of Messrs. 
Bolckow', Vaughan iV ('o., Ltd., and has .since been in operation in another steel 
works in this country with marked su('c<‘ss. 

“ In working the process," .says Mr. Richards,* “ some iron oxide is [)ut into 
the basil* converter, preferably an iron ore not too nfractory, with ot witliout a 
small ([uanlity of lime, and on this is poured molten grey Cleveland iron, always 
low in sul[)hur, with silicon which may vary from 1*5 to 3 per (ent.” The ope- 
ration difiers from the ordinary basic process in one resjiect only, that is in stop- 
ping thc'progress of the blow after the silicon is oxidised ami the carbon tlarne 
appears, and turning down the vessel for the removal of the slag, whiqh can he 
poured off the bath of metal. By this means the excess of silicon in the pig iron, 
which w'as formerly most troublesome, is removed in Hie first slag without any 
serious loss of iron. The analysis of the first slag shbws iliat it contains 3 per 
cent, of iron, 35 to 45 per cent, of silica, and no i>hosphorLis. » 

The greatest gain by this modification of the process is ifie use of the Cleve- 
land grey pig iron, made from the native ores, without the introduction of imported 
manganese ores wdiich were formerly considered necessary. 

The ordinary basic iron used in this country contains— 
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* “Journal Iron ami Steel InsUlule,” 1907, I, p. 105. 
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'I’he following table gives the average results of the temperature readings of 
seven heats : — 

TAHI,K LIII 

A\lkA<.i 1 h Ml'KkA HKK Of- THF I'lAME IN Dk.KHsC. 

_ __ _ t 

blowing lime in mmiitc'> . . 2 U Sk 5} ^2 H 8^ 

'rcmporalure in (lego ( s (*. . . 1041 io<>> 1155 1251 126; i2l>o 12S7 1291 


blowing lime in minutes , . . 10 iij 12^ 13J 13J 14J 16 16^ 

Tcm|>cralure in flegucs C. . . 1319 13(^9 1389 1412 143S 1475 M 99 * 4^7 M 37 


From these results, Wust and J,:ivaP slmued the heat relations during 
the various parts of the process. In a cliarge cons^bting of the following 
materials : — 


rig iron 23,093 lbs. 

lumc. . . . . .... 293 lbs. 

Ferromanganese (76-7 Mn) . . . 154 lbs. 

Ferro silicon (.tH‘33 .Si) .... 44 ffis. 

Spiegel (9-5 Mn) . ... 1543 lbs. 


they found that the pig iron which contained — 

C 81 Mn I> , S 

3*354 0*481 0-85 2-009* 0*177 

brought 43 per cent, of^he total heat into the converter, the remainder, 57 per 
cent., was supplied l)y the oxidation of th(^ various elements m the metal. 

The heat was used as follows : — 


Heat carried away in gases and used to decompose moisture . 24 

Heat used in heating lime and carried away in slags . 20 

Heat lost in radiation 8 

Heat remaining m steel 48 "0 


Another method of showing the heat available due to the oxidation of each 
element, and also the net heat available for raising the temperature during the 
jirocess has been cah'ulated by Prof. J. W. Richards,'' and is given in 'lable lilV. 

'I'he degrees given in the end column show tiie lise in temperature of the bath 
for every i per cent, of element oxidised. The calculations are based on the 
following temperatures : — 


Initial temperature of bath 1250*^0. 

I'mal ,, „ . . . . 1600 C. 

'PempeTature of air •. 100^ C. 

'rem[)erature of lime added 609' C. 


Prof. Richards adds that the above table is for comparison only; it cannot 
be used for an actual case such as when i per cent, of silicon, 3 j)er cent, of iron, 
4 ]X'r cent, carbon, and 2 per cent, of phosphorus are oxidised, but that in each 
specific ( ase calculation be made for the specific conditions obtaining, such as 
temperature of metal at starting, temj>erature of blast, time of blow (as far as 
this affects radiation and conduction losses), proportion of carbon burnt to COt, 
free oxygen in gases, moisture in blast, temperature and quantity of lime added, 
and corrosion of lining. 

* “ Mahl uml Eisen,” Jan. 1909, pp. 121 133. 

• “Electrochemical and Metallurgical Industr),” vol. v, p. 14. 
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MaFiy otlicr mvcstijiatori, too numerous to mention, have atUled to il\e 
accumulated facts rtlatinj; to the thcrmo-cheniical acltoiu in tlx* Bcssciuer 
process, all of whicii have been of more i>r Icns service W) nianuf.iciurei^. 
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From these results, Wust and J,:ivaP slmued the heat relations during 
the various parts of the process. In a cliarge cons^bting of the following 
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rig iron 23,093 lbs. 
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Ferromanganese (76-7 Mn) . . . 154 lbs. 

Ferro silicon (.tH‘33 .Si) .... 44 ffis. 
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they found that the pig iron which contained — 
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brought 43 per cent, of^he total heat into the converter, the remainder, 57 per 
cent., was supplied l)y the oxidation of th(^ various elements m the metal. 

The heat was used as follows : — 


Heat carried away in gases and used to decompose moisture . 24 

Heat used in heating lime and carried away in slags . 20 

Heat lost in radiation 8 

Heat remaining m steel 48 "0 


Another method of showing the heat available due to the oxidation of each 
element, and also the net heat available for raising the temperature during the 
jirocess has been cah'ulated by Prof. J. W. Richards,'' and is given in 'lable lilV. 

'I'he degrees given in the end column show tiie lise in temperature of the bath 
for every i per cent, of element oxidised. The calculations are based on the 
following temperatures : — 


Initial temperature of bath 1250*^0. 

I'mal ,, „ . . . . 1600 C. 

'PempeTature of air •. 100^ C. 

'rem[)erature of lime added 609' C. 


Prof. Richards adds that the above table is for comparison only; it cannot 
be used for an actual case such as when i per cent, of silicon, 3 j)er cent, of iron, 
4 ]X'r cent, carbon, and 2 per cent, of phosphorus are oxidised, but that in each 
specific ( ase calculation be made for the specific conditions obtaining, such as 
temperature of metal at starting, temj>erature of blast, time of blow (as far as 
this affects radiation and conduction losses), proportion of carbon burnt to COt, 
free oxygen in gases, moisture in blast, temperature and quantity of lime added, 
and corrosion of lining. 

* “ Mahl uml Eisen,” Jan. 1909, pp. 121 133. 

• “Electrochemical and Metallurgical Industr),” vol. v, p. 14. 
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Conv^«r with Side Tuyeres.— In 1856, before Sir Henry Hessemcr coni- 
menccti maktni^ steel in Shetbeld, he t“\j>cnnientctl with a fixed eonvcrlcr at St. 
Pancras, London. Kig. 51 is a seenonal elevation , 

of the converter ust'd, from winch it will be obst ived r 

that ibis design emlnrthcil se\tr.il features found in » ^ . 

the ordinary cupola used lor nulling iron; the air 
cliamber round the casing:, llie tu\eres aiul tlu^t.ijv- 
hole, ail indicate this. In some res|HM is it mi^hl 
be regarded as a closed cupi>la. i'hcre W(*re sit 
tii)eres round* the casing placed near the bottom, 
bach tuyere was li:ni.;<d to allow' of its being lifted 
clear of the vessel to admit of cleaning and repaiis, 

‘I‘he lining was made of Stourbridge firehnclc, 
inches ihii k * 


1 I' . SI iiirib ( i>nvrrfer, 

III liii h Ih' t It I ifsl ( ml )i||( 

ctpctine tii^ u M r.ttii (.IS, 

'Mils t){>e of conserter was al>andon(<l because he found it was impossible to 
get the blast to jHiutrale suftirienlly the molten lineal, and beiauseof the 
excessive wear of lh<* lining ahovt* the luyer' S, 

Converters with Bottom Tuyere8.*-'rh(‘ first converter with liottom tuyeres 
was palent( (I by Hesserner m 1H57 It bad only one tuyi re bole in the bottom, 
tlirougli which the blast pa^-s d, and when convcrl(‘(i, tlu' metal was tapped. 
.A sjK'eial no.' Ic gear w.is ni.idc to serse the double purpose, riie vessel wa.s 
siisjx'ncled in a fixed position. Fig 52 is a sectional vk w ed llu* arrang('me'nt. 

'File next de\ elofuiu nt was the guing of K^tation to the coiixirler to allow 


0 

r 


the charge to be poured from ;th(' side instead of from the bottom of the vcsbel. 
A .Sectional elevation and side elexation of the ve^sd .u< shown in log p 

In Fig. 5t, It will be noticed that the pouring and charging hole is' near to 
the top of the ves.sel and in line with the axis of the rotating shaft to which the 
converter is attachc-d , the whole being operated with worm gearing. 

Fig. 55 shows a modification of the dc'sign shown in Fig. 5.4. W’hcn the 
ves.sel Ls turned at right angle.s to its normal position fur blowing, liie metal is 
quite clear of the tuyeres. 
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In 1858, Pcssemcr erected in Sheffield a converter of more balanced design, 
which was an niiprcnenient on previous vessels. It is shown in Fig. 56. 

'I'wq years later he {)atented an elaborate arrangement consisting of a 
revolving slriiclure' on which were mounted four converter V( ssels. I-^ch vessel 
could he tipjxal hydiaulicall) , and the whole structure turned round, so 
that the ( liargmg of all the vessels could he doiu.* from one j)lace, and the 



Fie. 54. Fig. 5^^. 


“ blowing ” and ( asiing done from anollu r. The bottoms of the converters were 
giving trouble, hut with [ convaott rs it was possible, slujuld the bottom of one fail, 
for another to be brought (piickly into use. log 57 is a section of one of the 
four coin erters. 

Original Ideas Rfvived.— It wiMild appear that much dirtirulty was found 
with tile bottom tuyi res, for in 1861 ilet seiner patented a converter vessel with 




a solid bottom, and used a portable tuyere, as shown in Fig. 58. This was 
simi)ly a revival of his first idea,<)ut with the addition of a huilt-up tuyere in 
place of the clay pipe. In his jratent he states “ That the powerful heat 
generated at or near the orifices of the tuyeres, together with the chemical 
action of the slags or oxides of iron and silicon, has the effect of enlarging 
these orifices and m a short time rendering the tuyeres unfit for further use. 
'Fhe tuyeres, when thus worn, have to be replaced by new ones. The fitting in 
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of these tuyeres, by the pKin at present pracii<ed, rciub rs it ncccsvnrv tuM to 
knock out the old ones, and then cool down the coinertin^ vessel, after v^huh 
the new tineros mav he inserted in tlieir placesami the spa^-s .iround ijiein filkd 
up with a plastic matter or * erout, \\!urh is ^cnciall^' eomjvosetl ol powdi,r«.d 
ganister nu\t.d with^vsater. Alter this is ^lone, a lire is li;liied 111 ilu' c<>n\ertet 
vcs^'l and the wet jxfrts ihereb) projHuly lined and the interior ot ihevis^d 
again highly heated before the process ol convrsioncan be lepealcd, the change 



of tuNcrts thus remb ring the apjinratus ineapabli* of lu in.; u.(<l for several 
hours." ^ 

From thrsi n maiks, it appmrs^ that Ih ssemer at 0110 liim- had readied 
almost a state of despair o garding bottom tu>. n s, .uid had m vk w tin* iiossihility 
of a rclnrii to the use ot .t \ess, 1 with solid holtom 'I’lie portalde tuyeie down 
which the air t*assrd, w.is lixi <1 to a < antih \(*r .irm iais« d ami loweicd hy a 
hyJrauhe r im, \ft< r the OjK ration o( blowing, it was hit. d (roni ih* lonveiler, 
swung round through i8o ', and lowerid into a luatmg pit to kei p it hot. 

In i8h.*, ilesseni'-T patente.l a sid. blown rotating eon* 
vcrtcr, shown m log, 59, m wlmh tin tu\eres wire plai ed 
through the side all round the bottom of ih*: \cssel. 'I'he 
converter was so desigm d that m the pouring and charging 
posilmns the tuyeres w'-re above the levd of the metal; 
l>oth opt rations could therefoie he perform, d when the 
blast was shut off. d’he fix.-d vessels used in .Sweden and 
(lermany were sup< rseded by the rotating lonvi rlers 
Detachable Bottortfj (Beseemer’s). In 1863, Ik ssc- 
mer jiatented the first di^tai hahle bottoms used wuh <011- 
verters in wbirh were fitted tin loose tuyeres It was .1 
step in tlu! ngHt, din^i tion, and shortened the Imm 
required for making gooil the bottoms. By using a 
spare liottom, it was intended to remove tlie difiiiiv.- 
one and replace it with a new' one so that the work i ould 
be proceeded with in a short time. IJiffii ulty, however, 
was found with the joint between the boKorn and the 
lining of the converter, the repir of which often took Fio. 60 P.r-^'.cmer’s dc- 
some time and caused considerable delay. Fig. 60 shows lachahl.- }x*uon>. 
the detachable bottom used. 

The skill and ingenuity exercised by Ik-ssemcr are indicative of the marked 
ability of the man, and his dogged perseverance m spite of so many failures and 
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In 1858, Pcssemcr erected in Sheffield a converter of more balanced design, 
which was an niiprcnenient on previous vessels. It is shown in Fig. 56. 

'I'wq years later he {)atented an elaborate arrangement consisting of a 
revolving slriiclure' on which were mounted four converter V( ssels. I-^ch vessel 
could he tipjxal hydiaulicall) , and the whole structure turned round, so 
that the ( liargmg of all the vessels could he doiu.* from one j)lace, and the 



Fie. 54. Fig. 5^^. 


“ blowing ” and ( asiing done from anollu r. The bottoms of the converters were 
giving trouble, hut with [ convaott rs it was possible, slujuld the bottom of one fail, 
for another to be brought (piickly into use. log 57 is a section of one of the 
four coin erters. 

Original Ideas Rfvived.— It wiMild appear that much dirtirulty was found 
with tile bottom tuyi res, for in 1861 ilet seiner patented a converter vessel with 




a solid bottom, and used a portable tuyere, as shown in Fig. 58. This was 
simi)ly a revival of his first idea,<)ut with the addition of a huilt-up tuyere in 
place of the clay pipe. In his jratent he states “ That the powerful heat 
generated at or near the orifices of the tuyeres, together with the chemical 
action of the slags or oxides of iron and silicon, has the effect of enlarging 
these orifices and m a short time rendering the tuyeres unfit for further use. 
'Fhe tuyeres, when thus worn, have to be replaced by new ones. The fitting in 
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converter, but ihe tuyeres were inclinei! to the horizontnl, as well ns placinl so 
that the ends of the tuyeres jn the blast-box were aboxc* the level of the metal id 
the converter. I here were 4 tuyeres instead of tlie uMial 20, This^conveiler 
was abandoned hie.iusc of the ra{>id wear of the tuyerfs, 

Clapp A Griffiths Converter, -^bi^ 6^ illusiratts this coin erler, the imjKiitnnt 
features of whuh « ons1si« d of an arranei ment where!))’ the iii\<‘res .ind sla^^-hole 
could be closed at the end ol the blow and Jthe taj)-hole iinim'diati ly oj»en<‘d. 
The tUNeres Wire 6 in number, laeh havim; one hole iiuhes in iiiametcr, and, 
while placed hori/onlalls and ladiaily, they win* also alxuit S iiudies aliove the 
bottom of th»f conviiier, so that when half tl>«* metal was tappid, the' \alvis used 
for closing the lUNens lould lx* o{k*netl and 
the blast shut otV, whili' the remainder ot the 
steel was tapp'id Irom the eonverter. 


"H I 




'I lio C 1 4 >1' 311 ‘W.nti i < ' ii\« iter. 


M 4 1 f S< f I M)i> n I ! I < V u I M ) n 

Fio. llie 1 la'Um run\rilrr. 


'Plu’se conxerlcrs worked \ery satisfai lonly, it heim; rerordi d that ns inany 
as 20 heats of sli < 1 [>er shill w(r<- obtained from tin- ton\< rler without ililVieulty. 
'Phe pr( ssure of the air usi d was from 7 to 10 lbs. jHr s^piaie inch. Ihe tuyeres 
had to be renewed every ’o to 40 heats. Ki. pairs (o tlx’ nioiith of the ve.sscl 
w’cre al>o fre'juent, the |ir.u lire peini; to work one vi ssel for the Itrsl h.flf of llu^ 
W'eek aiubtlKii shut It down lor rejuirs, while another V( .ssel was put in oj)eration 
for the remainder of lhe'*^’eek. 

Hatton Converter. —^n tins convirter, which was patiniol in i<S8^ and 
illustrated in log 6 p the priiu ipal mijiroveim nt is found in tlie us<’ of a valve on 
the blast pipe Icndifcig to^ea( Ii tuyere, winch is partially < iosed at tin- mom< nt of 
tapping. i he complualed <litferenti.il pistons ami slopjx r valv s in ihi- ( lapj) 
and (intTiths type are dispi nsed with, 'Phe blast box is above instead of on 
the level witli the luveies, allowing for rej^airs to be die* l< <1 Mior<‘ < asily, A 
detachable bottom is also used, making its renewal easy after Ircnii 50 to 80 
heats of steed l ave been produced. • 

Witherow Converter.- In 1885, \Vitberow patenter] a converter shown in 
Fig. 65, in which the same r ffecl was produc t d i^y rine valv<’ as was obtained by 
the six valves in Hatton’s design, 'i'he obj< e* was tiie same, i.e. to reduce the 
blast pressure at the end of the blow. It will be r>bserved from the figure that 
one pipe is connected with the bla^t box, and upon tins pi[>c is placed the 
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regulating valve. It was certainly an improvement, Tliree blows per hour 
were obtained from this vessel. With two converters, in which alternate heats 

were blown, four heats each of aj tons 
could be obtained j)er hour, and as many 
as 1 50 tons in 24 hours. 

Walrand Converter.— In this design 
there was a distinct departure from the 
other converters already mentioned. It 
will be noticed from the illustration, 
Fig. 66, that the tuyeres aiS3 on one side 
only, although in his patent specification, 
• dated 1884, he shows a vessel of circular 
section as in Fig. 67, with tuyeres ex- 
tendinjf tliree-fourlhs round the circum- 
ference. Hithefto the tuyeres had been 
[)laced all round circumference at the 
extreme bottom, or halfway from the 
bottom to the surface of the charge. 

Walrand [ilaced the four tuyeres on 
one side close together, but slightly 
inclined them from the centre to give 
rotation to the liejuid metal. They W'ere 
also placed nearer to the surface than 
before. 'I'his appeared a retrograde step, 
as It had always been contended that the 
nearer the blast approached to the sur- 
face the greater was the waste due to oxuifsation. 'i'his, 
however, was not found to be the case. There was no 
dilliculty to overcome regarding the possibility of the 
metal getting into llie tuyeres when tlie blast was shut 
ofi, as the converter was mounted on trunnions and 
could be tipped in the ordinary manner. Kach of the 
four tuyeres had a rectangular hole, 3i'' to 4" X if', 
and witli a i-ton charge both acid and basic steel were 
made successfully. 

1 he waste in the acid steel averaged 16 per cent., 
which was not any more than in the fixed converter with 
tuyeres above the bottom. 'I'hc* original Swt.(hsh vessels 
(fixed) \^ith tuyeres at and round the bottom produced 
a waste of from 12 to 15 
per cent. 'I’hc time taken 
lo blow was from 16 to 18 
minutes with a {pressure of 
from 4 to 5 lbs. per square 
inch. W’hen blowing basic 
charges, a slightly lower 
pressure was recjiiired, and 
the l)low lasted from 6 to 
12 minutes fora i-ton heat ; 

2 to 3 charges were pro- 
duced per hour. 

Robert Converter. — 

The cross-scctional drawing of the Robert converter shown in F’ig. 68 is so 
much like the ^\alrand that it is difficult to see the ground for a patent in 






nj 



Fig. 65.- 1 he Wilhorow C<nn'rrt(T. 
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1887. Robert mtrodures more tuyeres, each baMug holes of diOeiem scttiou 
llun in the Walrand converter. He also defines .idehnite antjle fi»i e.u h tuyire, 
ranging from o ' to -:o to tiie jx rjK^ndicular. Anotiier |HMni ol difVerencc lies 



fh' ^ i 5#{'non 


Fic. e; — Ihc \N iltin l F'o. 6S the Kv)l., 1 1 Toiuctfcr. 


in tlu tineris l^in^ ])laced manrlhe suif.iM' of ilu* tin t d m the ronvertcu ihaff 
in th(‘ Walran.l, tile distnno' 1 )( mg alnnit m< lu s iiiMt .ul ef \ \ mehes. Robert 
claiinstii.il by haNing the tu\crcs ix ar the surf.u e lb<- leai lion lakes place at 
once win 11 tlie Itla^t is 


blovMr dow n into the lujiiKl 
metal, ulnrehy the pro- 
ilucts of th<‘ re.K tion mix 
imnu (liately \s itii tht.* slag 
msit'.ul ol passing through 
the bod\ of im lal. 

Tropeiias Converter. — 
From the history «ii the 
‘■ide-blon n eotiverlf r it 
w ill be* obscrvi d that the 
(rrigmal .Swedish fixed ( on 
X i rters h.ul tuy< ri s at the 
bott mi ; gradually tlie 
luyeies Were rai'^cd to- 
wards the surface until in 



the case of the 'Fropenas 
design, •Sections of whu h 
are shown in hig. 69,nhe 
bhist IS direi'ted ujxrn Ine 
surface, from the side of 
the converter. * , 

'I'ropeiias made a dis- 
tinct development in the 
process of converting iron 
into steel, anil [iroved that 
It was unnecessary to have 
a violent swirling action of 
the metal in the converter, 
w'hich had hitherto been 



considered essential. Fig. 69,17, A, c, and </, shows sectional elevations and plans 
of Uiis converter, showing the relative positions of the lu)eres to the surface of 
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the metal. Tn his patent of 1891, he shows two ro\\s of tuyeres, and claims 
thereby “a method of increasing the temperature within the converter by 
projecting air through tuyeres arranged at a sufficient height for causing com- 
bustion of CO and hydrogen evolved during the operation,” It is many years 
since it was found quite unnecessary to have the top row of tuyeres. 



Fio. 70.- Trupenas nrop-T}i)(tom Contcrtcr. 


Drop-Bottom Converters. — Tropenas has recently ap[)licd “ dro[)-l)ottoms ” 
to small converters, on the same lines as they are used at present on cupolas. 
There are two hinged parts forming the dooi, and wlien closed a bar is placed 

D 



Section fhrougH tu)crc5 

Fig. 71. —'i'hc Stock Converter. 

across the middle of them and secured to the bottom with suitable clamps. 
Fig. 70 shows the bottom clamped in position. 

When the “ blowing ” is done each day the dooVs are opened and the bottom 
knocked out. This allows much more rapid cooling, making it possible to do 
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the patching next morning before starling another day's work. To make a fresh 
bottom, the doors are closed, and a s[>eeial compobUion is rammed upon tlu in, 
which is dried quickly by the usual heating, prejuratojy to ret c i\ mg hot metal. 
With this arrangement it is possible to work tlie same conve ner every tlav, 
instead of every alternate day. as is the case with convei tors liavmg solul 
bottoms. 

Stock Converter. -Fig. 71 shows a sectKJn througli the lining and tuyeres 
of the Stock converter as patented in iqoS. This \essel is usetl both for melting 
and converting the pig iron. Oil lets are pl.u ed in the tuverc s during the 
melting process, whicii is ( ariied out under a low pressure blast of from J to 
-J 11). per square inch. 

1 he melting is done while the coiuthter is in a horizontal position, and the 
hot gases from it pass into a heating (.hamber through wlm fi the blast pij)cs pass 
from the blower to tl^ converter, thertby raising tlu* tt mj'eiatiiie of the air. 
Wlun the melting is completed tiic oil jets art- removed and tlie convener set in 
position. for blowing. 

The princijuil advantages of tlu* pn)c<'ss are — 

I. That no sulphur is introduc'd ilunng un iting. 

2 The wast^* heat from the melting is utilised lor heating the bl.ist. 
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In Chaplvr XIV, on llic evoliilicjn of (he Hcisemer (’onvcrttr, reference has 
been made to the developmeiU of the bottom blown converters which bclonc^ to 
liic class, disignaled large, in ( ontradistinc tion to the small Jlcssemei plants, 
which are «ommonlymade of the side or snrlare-hlown types. 'I'liere are, of 
course, some small bottom-blown plants of 2 tons (apaeily, but tjiese are almost 
invariably used for the manufacture of steel for castings, and not for ingots such as 
are produced in the larger plants. '1 he e(pupment of large Ikssemer plants is 
necessarily on a very much larger scale than that of the side or surfacc-dilowai 
plant.s. Mo^t of the laige plants woik in conjunction with blast furnaces direct, 
or indirectly with them through mixers. (It is also a common prac lice in some 
works to remelt ])ig iron in cupolas before* coinertmg the metal into steel.) 'I’lie 
si/.e of conveiters has hecM incieased from tune to time, until now they arc made 
with capac ities up t6 30 to 35 tons. •' 

Basic- and acid-lined converters differ piincipally one from the other in the 
kind of lining used. In the design, general ariangeinent, and mechanical fea- 
ture.s, these two kinds of c oinerter plants arc* not mcessaiily unlike cath other. 
Tile basiolined converter is usually largc*r than the acicl-lmed con\c‘rte‘r of the 
same capac ity, to allow for the use of lime and oxides m the loimer, but wuth 
this c.xception, both plants can he made practically identical. 

Design and General Arrangement of Bessemer Plants. — 'riu* locality and 
situation of the works, and the relation of the Bessemer coinerters to blast fur- 
naces (if any) and the mills, also the si/e of the conveiters, mlluence veiy con- 
siderably both the general design and arrangement of the plant. Bessemer 
converler|i for the [jroduction of ingots vary in capac ity from 5 to 35 tons; some 
plants for this i)Uipose may be still at work having capacities below* ^5 tons. 
In the case of large plants, the auxiliary macliifiery reqiiired for liandhng raw 
materials and the licjuid metal must be necessarily of far fnore ample [iroportions 
than that recpiired for smaller installations. • 

Cupolas. — In addition to the eiqiolas which arc used formeUing sfiiegeleisen, 
such as are shown in Pig. 87, large cupolas for remcVting* the pig iron are 
employed, where the molten metal cannot he taken direct from the blast 
furnace or mixer to the converter. These cupolas dilTer in details of design in 
several particulars. With reference to the bottoms, some are solid with wells of 
varying capacity, from which the metal is ta[)|X}d as required, just as in smaller 
cupolas ; while others have bottoms* winch serve the same purpose as dfop- 
bottoms, but are arranged on removable trucks. 

Fig. 72 shows a sectional elevation and plan of a typical cupola with solid 
bottom, as used at the Burbach Steel Works in t jermany. The metal is tapped 
into a ladle on a loco wagon below, while the slag is run into slag pans on loco 
trucks. 
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Fig, 72 .nt Bml -idi W./iLii, Germany. 



144 


LIQUID STEEL 


Mechanical Charging of Cupolas. — Many devices are employed for mechani- 
cally charging large cii[K>las. In some v\orks all the materials, such as pig iron, 
scrap, coke, and hmestune, are conveyed in skip trucks along elevated con- 
veyors to the top of the fU{)olas, into wiiich the materials are tipj)ed automati- 
cally. 1 he arrangeimait of charging is usually deteriiphed according to the 
conditions available for handling materials and tlie cost of labour in the 
locality. 

When flic pig iron and scrap metal are brought into the \\orks in railway 
trucks and unloarh d in the stock yard by overhead travellers with electro-mag- 
nets, the storage of the iron m staek'>, suitabi) arranged for the loading of 



73 Whiling Cupola Charging ^laCiuie 


n.urow-gaugc chaigmg trucks, is usually carefully observed. •These tru. ks are 
loaded b) an eleiliic overhead eiaiu', fitted with electril-magnets, and aie either 
brought direct to the chaigmg platform of the cupola and tipped so that the 
contents are shot into the cuiuila, or elev.ited from a lower lloor to the charging 
stage, and tipj)cd aiitomalicall), thus disch.arging the mateii.ils into the cupolas 
'I'he mc.ins of tipping cmplo>od aic numc?^s, and the power for operating 
the Upping dc'vices may be steam, air, water, or dectricity. In America such 
devices are moie common dian in this country, log. 73 shows a iihotograph of 
a Whiling Chargung Arachine in the Upping position d'he trucks, it will be 
observed, are of simple design. When chaiging* pig iron and scrap they have 
end plates only, about 12 inches high, with open sides; but when used for 
carrying coke they are fitted with sides hinged from the top. At the side of the 
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cu|)0h and n.‘^t the cl.arKwig door is fu.d Iho ludr.iulK- vali,- f,.r owiai,,,. ,l„. 
Wng c,l,ndcr. A d.Mcr, n. Upo o, .hargcr is sl.o«n in Ing. 
thi. tnuk of inaunal is cKxattil by an tlctju hoivt, ii Lkmo^ so (hu as 

aWomMioaily I’'-'"""" Mnnds ,s ,iKo i,|.,«.d 

OliKc.iui, IS soin. lU-s t.iUn to nu rlianioa! .Ii.iryuii;, Ihi.uis,- oI tin- possi- 

.vi-r, „n 1... r,.,.i!,„id In ti.c i,.u.,. Middi-i. tLnppi 

the* niati M.ils tf.) lu* tliM Ml J in i)i. 1 1 . . i ^ 


^ » ^ •* niu\cin( Ml (M nil' nt'pi I ( a 

th.- nuu iuls to h.- disili.ii^.d to th. 1.1, Mdo, and s!o« ,„„v, ii„ lU o tin- 
sulc, ot the cifj'ol i. 


near 
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(op|x)sil<* p. i6o), the principal iH'ini' M ) ih.it the and <!a^s I'vsunij; Itom 

■tlK‘ Converter can he earru d .iw ly mon- c.isdv, .mil aKo < ,uisc li ss uu oiivt nienre 
in 0}>eralmi: he- overht.id pLini ilun when the* s. if» , ismh- Ikmu the »on- 
verier m .i \irli».d dirtelion ; the » h.»r>;e e.in he in ifu* hoiIy id tli< eoiuerter 
with les-s risk ol entering the tu)cres or eseajun;; .it tin- nose when ilu hl.ist is 
shut off. 'I'he Vk'W of inetinere liloek inside tlieeonverli r is. ho\\<;ver, reNtricted 
when the converter is rn.ide willi an eicenlnc ii.)se 

Converter Bottoms. Pt i.ieh.ihle iHiitom seeiions .ut* now uiu\ers.illy ( in- 
j)lo)cd with coincrters 'I'liev usually consist ot the wind (Ixsj, (uinhnnd with 
suitable altailmients for fast* nine to the «on\*it'r sIk ]1 .md |oi k taming' tlie 
refractory bottom. In I'l^. 75 is shown two nuws ol a i\pnal coiutiter, which 
IS built up m 3 sections, tlie bc'ttvuii beiw^ alt.u !ud to tlu: body by means of 
cotter bolts 

.\nother t)|K* of con^ertvr bmly with <1- ta< liable bottom is ilhistratf d in 
Fig. 76. In this desien^lx* bintom is fiv<d to the body ol lh< (oiuerler with 
bolts and « oit* is, arrang* d diih r* nfl) from those shown in l i.: 71^. I he design 
shown in log. 76 n { r* s* nts tlu- .onvetieis usdlatlhe biitb.i. h M( • 1 Works, in 
W'liK h a ring is li'e 1 lu-lwc .1 the wind * hrsi and the slu II of (he . mv* rter, to 
[ire\ent die wmd^< iu st from 1>< mg *Iamag« d should a h akag,e ol st* 1 1 t.ikc ])Iaci‘ 
at the bottom |oint 

'I'here are two distinet kinds of rilra* n»ry bottoms: — 

1 . Refia* tor) bl' H ks w it)i holes in them, to r* » * 1 ve firi-id ly tuy* r* s. 

2. Refractory blocks through which the blast hoK s .ue pu n < d while tlie 

lioltom is being rnmiiu d, no <>tfu i tii\eies being its* d 

In I'lg 7S IS shown a < ompletely rammed and lu)ere«l bottom m j»osiiion. It 
is comjioscd of ii-fractory material htti d with fireclay tmens .is shown at “ 

'I’he tuyeres are kept in position by mt-ans of jilat* s and bolts (i\id to the under 
face of the plat( on whuh the Ixgtom is rammed. 'I'lic inetho*! of fixing the 
tij)eres IS shown m the illustration 

Referring to Fig. 76, sei'lion of ( on\e'il< r, it will lie obsc'rvt d that I he lefnu'tory 
bottom or block is pien ed with sm.dl hoh-s about ’ ' diam, insti ad of being fitted 
with fireclay tuyeres. The refraefory bloc k is rammed ii[><»ii a ixiforated non 
plate in a mardune S[>cc lally designed for tins purpose, such as is illiislr.ited in 
Fig. 89, p. j66. After being dried, the blo< k is secured m tin' base of the 
Converter by s( rewed studs wlncli pass through bars of mild st* el supitoilul in 
recesses in the wind dust frame. Tlu sc are shown at “A” in log 76 Ihese 
refractory lilocks are removed from and replaced in the fonvertei, by sjx.einlly 
arrange*d iiydraulic ram mounted upon a truck, without disturbing more than the 
(Over of the wind chest and thesyr* wed studs referred to above It is, llTereforc, 
found undeccssary to break the /omt lu-tween the wind f best and shell of the 
converter when fitting nCij- tuyere hlcxk.s. 

Tilting the Converter. 'I'he method employed for tilting is either with the 
rack and jnmon as shown in I-ig 77, or with worm and wcjimwluu-l as usually 
adopted with the snjaller converters. In the former ( ase the junmn is securely 
fixed to the trunnion on one side of the vess< I, and the ra( k wliieli engages with 
it and forms [rart of a piston in the hydraulic cylind< r, is kept in g<-ar liyaguide, 
against which the rack slides when pressure is admitted to the ryliiuler. The 
ojK'ralion of the worm ancl wormwlietl attachment is < itlier controlled by a 
separate steam engine or electric motor, the worrnwlu cl being keyed ic; one of 
the converter trunnions. 'I'be hydraulic li|>ping gear is most c omrnonly adopted 
for large plants. Both designs are suitably prc^iecjed from dust and falling slag 
by sheet steel covers. 

Truniiion Bearings Special attention has been given to the design of 
trunnion bearings. In some cases the lubricant is forcedinto them under high 
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pressure while the vessel is in motion only, and by means of the movement of 
the converter. A very liberal supply of grease is also kept in the bearing covers 
to preveru abnormal friction, should the automatic lubrication from any cause 



Fio. 76.-— Section of Converter usc<l at Burhach Steel Works. 

(Note. — A ll dimensions are In millimetres ) 

whatever fail to act. Roller bearings of various forms are also used, in which 
the movement of the trunnions causes the rolle’-s to turn in thick oil. lateral 
clearance on trunnion bearings is always allowed, for expansion and contraction 
of the converter. 
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Operating Vtlyes - 'Hie operating valves, including the blast and tilung 
valves, are arrange*! as a rule on a plailorm close by the converter and nr such a 
position as to allow the man in charge to have a full view of the converter in all 
positions. Hero .dso arc fitted the signalling apiciralus to the bl.isl engine 
house, the pressun* gauges from the blast and hulraulie mams, and other 
signalling aj'pliances to the mixers, ciijHdas, heating furnace, and cliarging 
platforms. , 

Non-Return and Relief Valve. -As near to the stop valve as (>ossible, and 
on the converter side of s,ame, is fitted a non return \aK(‘ nhich auioniatieally 
closes when the pressure is shut of!, preventing the return ol any e\plosi\e gases 
to the blast mams. A relief valve is also tiu<‘d in coniuiu lion with the blast 
stop valve. s<i that the op* ration of the oiy is (!ei« ndent ujum the oilur. Such 
valves are also lapahle of working ind« pendently of the Mast salves, and ( .in be 
weighted to rdicse piessiue ac((iVding as K<|uir(.d. Relief sabes aie fitted on 



Kie 77 — One of Tdiing < '<'iucrU‘r, with 1 ly<iri»ulic K «m airangcil lioritoiU.iIly, 

• 

the blast mains in some designs (fuilc independent of the Idast valves, but in all 
cases ofK'raic aut*)inalic.'F<ly. 

Blowing Engines.- There are many tyj>es of blast engines for supplying 
blxst to the converter. *In works where blast furieu e gas can he utilised 
economically, gas flrjven blowing engines arc used. In other woiks, ele* Irually 
driven blowing engines are employed, while the (jldcr form of reciprocating steam 
engine of the vertical and horizontal types arc more fre([uently installed. .Steam- 
turbine driven blowing engines also find favour in .some works. In ( hapler XVI 
a few m(xjern blast engines are described, illustrated, and compared. 

Arnngementof Converters in Relation to Other Plant.- l lK-most general 
arrangement of converters is to erect them side by side in one line, each being 
mounted in standards above the casting shop level with the hollom of the 
converter sufficiently high to admit of its detachment from the body and removal 
on specially designed trucks, wfth the minimum of labour. The relative position 
of the mixers, blast furnaces, or cupolas for remelting pig iron, and the cupolas 
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for spieg(‘l, have a determining influence upon the character and arrangement of 
the staging, buildings, and su[)erstructure of the plant. In some works where 
there arejao blast furnaces, all the j)ig iron iist d in the converters is renielted in 
cupo'as, while in othcT«uorks, r u[)ola.s are only used for melting the pig iron 
produced frimi the blast furnaces during the week-end In other cases the 
cupolas are not used at all, as the metal from the blast furnaces at the week end 
is passed through the mixer before being transferred to the converter. Most of 
the largest works employ the mixer, into which all the metal from the blast 
furnace is i)Oured, and from which the cotneiters are supi)hed. Different ty|)es 
of mixers are described in Cha[)ter X.XX. ♦ 

Auxiliary Equipment. — 'I'he auxiliary ecjuipment for llessemer plants differs 
according to the design and general^ arrange ment of the installation, and the 
facilities available for hanclhng the materials. Much labour and ingenuity 
have been bestow c-d on the design of the apifliances used m \aiioiis works for 
handling the materials, as well as in aclecjuately deahi\j with the rejiairs of the 
vessels and other [>arts of the plant 'I'he c rtishmg, grinding, mixing, stamping, 
and drying machinery and furiiarcs for the refractory materials used in the 
converters, are in themselves of eonsideiable importance in large works, the 
design and arrangement of winch have recimiccl cauful study. Many otlier 
designs and arrangements of plants c'ould be gneii, imt the follcfwing descriptions 
and illustrations of tyjacal Ihilish, American, and (’it.rman llessemer [il.ints; 
afford a mon- romprehensive idea of llie charac l(.iislic leaUiits of the general 
Ilcsseiiier prac tice ihruiighoul the world. 


British Bfssrmi r Practk e 

llritish lUssemcT ])ra< lice has been very largely confined to the acid Bessemer 
process, and iintoiluna(c‘Iy the progicss, as far as output is c'onc e led, has been 
declining during the past 20 )cars, as will be observed from the following ; — 


Output of A < id lu \ s (Uh / SttU 

1890 . . r, 6 1 2,730 tons of ingots. 

1900 . . . 1,25^903 

1910 . . 

The piTvcluction of basic' Bessemer steel in this country is relntivclv small, and 
the increase in the rate of output during the pass lew )ears is not Cimiparahle 
with that of (lei many In 18S0, (Ireal Britain produc'pd 10,000 tons of basic 
Bessemer steel, and during the same yc-ar (Germany’s' outj)ut was 18,000 tons. 
In 1910 (30 years latei) the outputs wc^re as follows • 

Ciicat Britain . , , 6p,oi2 ton^. 

(Germany 8,030,571 ,, 

Table L'V’ shows the oiitjnit of acid and basic Bessemer steel ingots in Great 
Britain during the past 30 years compared with the ofien-hearth steel produced 
during the same period. It wall be observed from tlie table that since 1890 the 
output of acid Bessemer steel ingots has declined, wliile that of basic Bessemer 
steel ingots has increased, 'fhe greatest increase has l)een made with the basic 
open-hearth steel ingots, the output being over 15 limes greater in 1910 than 
in 1890. 



LARGE BESSEMER COXIER TER BLAXTS 


LSI 


T\iu»: I V 


OiTruT or Acid am> IUsi< I5 »->s*j4eii Sirn I.niu>ts‘ in (Ikkat Hkit h.om iNSo 
lo 1910, ( .)Mr\kn> wiiH Orirn of Ai n> \m> IU'K <iris n nKAk mi '>ihi In^ums 

DI KIM. ni^ ^ ^M1. rtjinn» 

. . 'S . . 

l^S.« W 1 ID 


Aa«l 

Ha^lO . t 

AckI <']Kii-Lfar 
Hash ,, 


1,0; I. ;S » 


Not 


lO.v* *> 
35 l,^<vj 


I ,f>i i,7 ;<i 
4. .Ml j 
l.4< -J ')i } 


(141,014 

J.v. 

}S i.srNA.io 


'i licrr jrt- xrr.il f'nMO, 1 ut flinny idok acid Jlisscnur ii'.itils jii tins couniry 
j>ro(iiu ini^ st<.rl .irratiLH incnt .lod d< s>i'n ol \Oii( li dittcr only 111 

details, niaki rs u‘>c JiKt.dMin ( l lioin l!)c Mavl lurn.Kis .ilii i j).i‘>Mn^Mt 

llir<niu^h iinxcrs, others li.ue the |)'u if<'n ntD^liid 111 (upol.is ihi' plant 
arraom-intiU ditters tli« fi loo' in lia apj-li.inecs um d foi h.iiullini; the ni.iten.ils. 

At the works of 'thi' Ninth K.Mlirn SUel ('o, Ltd, M iddh shioni;!), tiu’ 
hasii' Iksscim r pi.i« tu e as < ann d out tin n nia\ he tak< n as l\ joe a) i>l the besil 
Jlritish prai In e. 'J he woiks were < n 1 ti <1 in iN.Spnnd m tin IoIIovmd^ year a 
description nl the plant was j^'iNin hy l)r ( oopi r ' in the I’loiiedin^s of llie 
Iron and Steel Institute Sim e linn, howi m r, tin use ih 1 upolas lor melting 
the pi^' iron has heui disc ontinuc il, and in otln r details tin plant has hecn 
luudeniised. 

I 0 A // (\ JWntt a^thi A* t th Stal Jl > fls. 

General Arrang;ement of Plant - from the plan oi tin- Noith h'astern 
Steel \\ (-rks, .slow n in the jiosilions of tin blast hirnaies, inivirs, and 

converters an nnln ated, d’he 1/last fninaiis are i.n oin‘ snh ol the ni.tin 
railway, and o[)| osUe to the s(((Iworks whire the mixers are pla< eel '1 he; 
inolle n metal is lake n to the- mixers in laelh s ol ]o tons e apai ily ol the* I)e whur.sl 
le 3 Comolivc type, similar to that shown m hipe 79, and the eonii nts ate- e liatged 
into the mi.\er with a special form <>t hjelianlu crane im tiitin^ the ladle*. '1 he-r<; 
are two i so ton mixers, and two mi\e is ea< h of ,|oo tons < apae iiy, ’j lu* latter 
are ^as hri d, and since the'ir introduction, the j/ig iron maele hy the blast 
furnace s during tile w 1 1 k-end has gorn to tin mixe rs insteeiei (;f being re*me*lle‘(J 
in cupolas as forme rly 'I'he mixer hoiisi s aie e.oine nn iilly situate el no relation 
to the He.sse-mer jelant, althouglr neit adjoining sarue. 'J'hey are* e <[uij>ped with 
modern doxH cs (or h.yidlmg the; various materials, .sucli as '.c raj>, ore, lime, 
fluorsjiar, ell ,, wlneh are A barged into the; mixers li) ancJictru machine. Fig. 
80 IS a photograjih of lh«' mixer stag'-, hrom the- mixer the molten metal is 
taken in a loeomvtive laelK. to the eonvtiter hemse, whire the ladle c;f me lal is 
raised to the convetter platform hy a jo ton hydraulic hoist, and the n taken by 
a locomotive to the converter, into whnh the conle nts are jxHire.'d 

Converters, d'liere are* four <-on\erlers arranged side hy side, e*ach of 
ioton.s capacity, three of wincli arc- m constant use*, while ono is always under 
repair. Fig 8r shows a photograph of the; H< sscnx r shop '1 lie cemverters 
are mounted on standards fixed to foiinelations (h) tlie casirng shop level, so that 
the bottom of each converter is a sufl’uicnt height above the ground l(;vcl to 
allow of the use of a special truck with hydraulically oj erated table for the 
removal of the converter sections. 'Die conw tiers arc made in sections for 

* ‘‘Journal Iion and 8lecl Inidtuic,” 1912, I, pp 4S, 49. * Eu/ , 18H4, II, p, 
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convenience in handling and relining. When the latter is necessary, the special 
truck referred to is placed under the conyerter while the nose is upwards and 
the body is in an upright position. The weight of the bottom section is taken 



by the Inu k while the bolts are withdrawn, after which the table is lowered and 
the bottom removed on the trm k to the repairing shop. From the truck the 
bottom is lifted by a 30-ton overhead crane and ’placed on suitable supports, 
and the old lining knocked out. 


P'lG. 78. — Plan of the N orih-Ea-.tern Steel Works, Middlesbrough. 
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The nose and upfK-r port.ons of the converter are dismanil.-,) as follows - 
After the bottom has been removed as described al.ove, the converter turned 
round with the nose jrart downwards, under wlii. li a truck of a ditrerent form to 

An oved’ 'a'lT I "'’7 " " '"""''’i' l' the rv.se of lire coirverler fits. 

An ovcrbiad hydraulic crane of too tons ea|cacilv is used for raisine sl,,.|iilv the 
top part of the converXr and holdrnr; ,t untrl the hobs are loosened Z 

trunnion rin^, alter which it i> lowered upon the true k heIo\^ This i^rt is now 
taken away to hive the old Iinin- knocked oift and the neu t^ie put m. A rail* 
way turnlal.le admits of trucks luin^ svMuhed into thnv dilh rent repairing roads 
. Helming. Converters -The f^K iaiion of nTn.nbr consists (if hr,, kin. the 
Hibide of the converter with .]>ecial!) shaped hruks made Iroin dolomite, which 



Pi'. 7<; --Dtvt hurst Lot<»fit..iivr I e!|? 


is roihted, ;;rourid, rnixt'd, aud pressed into hneks au'l dried by the Xorlh- 
Kastern .-leel Co.S own plant m the basic rcjMir shop. i’iie eonverler is 
placed on a staml, n')se dowiiw.irils, and tlur hri< ks ami loose basic material 
raised on a siinll hvdraultc hoist msidc the convert, r as rcipiirecU thereby 
considera!)!) rciuc in- the l.ihoiir of hrickin- file hri. king is . arricl out frorn 
the nose upwards, aiiU lx bind ( aeh c ourse of iincks about ] im hes of Icjose 
basic iinterial is raminen, whi. h mik.-s a very s.*c ure and c om-u' t lining ddie 
ground dolomite used i<ft the bricks is mixed with y.J to lo pfT cent, of tar 
before bem-t moulded into form m the iiydraulu' press, at a liressur.* of two tons 
f>er square iix h. 

Converter Tuyere Blocks. -Fnese blf>'ks are fcirme ] m a mouM uu ler a 
3 ton steam hammer, after wlix h they are fir-d m siov( s by appl)'mg the heat 
very gradually until a cherry-reii colour is ol)tained. d'lie firm.^ tikes about 
70 hours, aftc,‘r which the stoves are ailownxl to ccxil slc)wly. riie lutcre blocks 
are now secure I to the- liottcam part ol the roiive t'-r. The h >ltom section if 
placed on a revolving table, and the tuyere blof.k is pul m the centre of it, the 
space around the block and between the casing being fill-fl with basic material 
properly rammed by a pneuiAaiic hammer as the table revolves slowly. When 
this IS completed, the converter sections are replaced, the lop part being first 
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sc<ur( d to th(_ truiminn rin^ hy tfi(, aul of the ico-ton ernne and afterwards llic 
IjoUoin p.irt |j) tf)' 1 la]^ <onstru(lul truck with h\draulically operated top. 

Dryirt^^ the Lining. A wocjd fire is lighted in the cornerter, and coal added 
afte.rwards. \ e* nt!' Mast is aj jilied until the c'oal is incandescent 'The drying 
IS (ontimad tor .dnut h()ur\ after which the \essel is r^dy for the metal. 
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converter, the other and higher one being used for scrap steel. Arranged in line 
with each converter is a double fiiute projecting from the two platforms, down 
which the scra{) and lime can be discharged into the converter before or during 
the blow, 'by this simple,device, both time and labour arc saved in charging 
these materials. 

Arrangement of Cranes — h'arhpair of converters is Served with a 20-ton 
hydraulic crane, whii h sujiporls tlic ladle at the end of its jib, into which the 
contents of the converter are pourdd. The ladle of steel is transferred to the 
casting crane direct to the ing(;t casting pit, around which are 5-ton hydraulic 
cranes lor the removal of ingot moulds, ingots, etc. Fig. 81 shows a.photograph 
of the ]k‘.ssemcr shop with the central casting pit crane. 

AmFRICAN 1 UcS.S 1:MER fRACTICF 

'I'he devi.'lopmcnt of the llcssemcr process in Ame\ca was very rapid for 
several ycats, hut the open-luatlh hirnacc aiipeArs to havo arrested its progress. 
In 1875 the total steel produced in tin.* 11.S..V. e(|uallcd 145,000 tons, 70 per 
cent, ol wlrnli was Hesscmer sf(‘cl, and less than 3000 tons o{)en-hcarth steel. 
Ill 1880 the ncssemer steel output was r, 000, 000 tons, and the open-hearth steel 
first exce(;de<l 100,000 tons. In 1907 over 23,000,000 tons of steel were pro- 
duced, in about eipial amounts of bessemer and open-hearth steel, and in 1911 
the figuKs were as follows 

besseim r sK-el (acid), 7 . 917 i’^-l 9 tons - 33 - 6 '', i of total output 

( )pcn hearth steel id), 912,718 ,, -- 38 ", 

.. n (l>asir), 14 , 685,932 „ „ 

'l'al)lc lAd shows the piodiietion of ac^d and basic liessmiKr steel ingots 
during the p.ist 30 )(ais, compared with the open-hearth steel produceil during 
the samt' penod. '1 his dliistratr s the olaloe rate of prodiK'tion hy eai h 
jirocess, and shows how the upen-la arlh piocess lus taken a firm hold in 
America. 


I'AliRK lAT 

OuiPuroF \( ID \Ni) b\sic Sm.i Isooi^' IX niK US \. vv.nw 1S80 10 

1910 ( oMi’ \K I I) \VI I II Ouirui (>!•■ A» II) AM) H VSIC ( )ri' N-IIl \K MI SirKi Inoois 
DURINS. 1 III .s \MF I’l Klnl) 


At-i<l IJcsseiiior 
basic ,, 

Acid opcn-lic.'iilh 
basic ,, 



1,071,268 
N'nl ( l.lS'lllli d 
kk),85i 

, .\(>t classified 

I 


3,61 1,091 
77>78 o 

4-^3.232 

90,000 


M-'-n j 1910. 

6,(iS},77o 9A>2,772 

• 85^,044 1,212,180 

2.545.09>, , 15,292,329 


In 1890,“ the large.st bessemer converter in the U.S.A. had a capacity of 
II J tons, and in 1906, 18 tons. 'I'he rated capacities of the average converter 
in the two )ears named were 6*55 and loxjj tons respectively, and the average 
output per ton of rated converter cap.acity was 7103 and 18,934 tons respectively. 
This vast difl'erencc was due to the accelerated rate of output per converter, 
owing to the introduction of the mixer and better maciunery for handling the 
materials. For some years prior to 1906, no additional bessemer plants had 

‘ “ lounial lion and Sled In'.iiiute,” 1912, I, pp. 48, 49. 

’ “ Electrochemical and Mclallurgical Industry," vol. v, p. 114. 
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been installed in the States, while all along, open-hearth furnaces were being 
erected. In that year the Youngstown Steel and Tube Co.' built a new Bessemer 
plant, in which were embodied the best features of modern practice. 

10-ton*Converter Plaat at Youngstown.— In Fig. 83 is given a plan of the 



above works, on which are indicated the cupola and converter houses with the 
auxiliary plant and buildings. 

Cupolas. — 'riiere are 4 cupolas in which the pig non is melted for the con- 
verters. The charges are raised to the platform by means of two hoists, each 
of 10 tons capacity. Before the car loads of pig iron, fuel, and fluxes are raised, 

* “ Iron Age,” .\ug. and, 1906, p. 260. 
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they pass over a weighbridge close to the elevators, and a check is kept on (In’ 
materials used. Each pair of cupolas has a runner, along which (he nu lal (lows 
into a ladle on a truck which is taken to the converters. I'hi' slag iVoin the 
cupolas is conveyed down chutes to the floor below into, slag-jeui eais*which are 
removed w'hen full. Qn the tapping stage are erected the blowers for supplying 
air to the cupolxs, each blower being separately driven by direct connection with 
an electric motor of 75 h.p. running at 1500 revolutions (mt inmute. 

Converters. — 'hhere are 2 converters, each of 10 tons capacity, and arranged 
as showm in Fig. 83. They are mounted in jK-destals fixed to foiiiul.itions level 
with the casti^ig floor, and instead of being erected in one line, the converters 
face each other with a 2o*ton hydraulic crane between them, which serves both. 
An overhead electric crane of 30 tons caj^acity is also available for us(*. 

The molten metal from the cupolas is taken to the convei tiTs, arul before the 
metal is j>oured into the converter by means of an electrical tijijung (h \ice, it is 
w’eighed on a weighbridge on the platform in front of tlu* converter. The charge, 
when ready, is emptied into a ladte su[)i)orted by a 20 ton hydi.nihc crane, ami 
transferred to the casting crane. 

Bottom and Lining House. — .\ commodious house, 50' x r-’o', is used for 
preparing the refractory materials for making the bottoms and lining materials. 
The shop is equipped with one crusher, two w’ct grinding jians, and one dry one. 
"I'he converter bottoms are dried in ovens wTich are built m a lean to at each 
end of the building. 


German Bessemer Practice 

Germany leads the w'orld in Ifasii^ Hessemer steel manulactuie, its production 
is on the increase, and far exceeds the open-hearth furnace piodiu (ion, as shown 
by the following statistics .‘---In j86o, a total of 25,31-’ imtric tons of stt ( 1 were 
produced, whereas in 1911, 14,879,919 tons were made, out ol which 8,640,164 
tons were from basic Bessemer converters. In 'Eahh' I, VII is shown the 
production of acid and basic Bessemer steel ingots for the jasi years, com- 
pared with the open-hearth steel produced during the same period. 

TAltEE EVII 

OurruT OF Acid and Bask Bcssi-mfr Siiaa. En(.oi^' in (Jikmany ikom iSSo to 
1910 comparfu) with Oeipur of A< id and Basic Oi'FN-iii aki 11 S 1 1 i i, iNC.ors 
la'KiNG THE Same Bckiod 

Acid Bessemer ... 742, c 

Basic ,, . ^ . I i8,c 

Acid Open-hearth * . 

Basic ,, ,, ... I — 


Bessemer plants in Ciermany differ in construction from each other as in 
Other countries, but the spirit of progress is fully developed, and constant 
improvements are being introduced in diflerent j)arls of the auxiliary plant, to 
facilitate economical output. The plant installed a few years ago at the Burbach 
Works, in the Saar district, is typical of the best progress in German Basic 
Bessemer plants. 

’ “ Joumil Iron and Steel Institute,” 1912, I, pp 48, 49, 


XX) — I 223, o6^ 171,108 

>00 1,493.157 ' 4 .i 4 i.S '''7 030, 571 

I47,.S(X) 140,189 

— , 1,997,765 4,973.569 
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2^-ton Converter Plant at Burbach, 

Oenerel Description. — In Fig. 84 and in Plates I and 11 are illustrated the 
a4‘ton Basic Bessemer plant * designed by E. VVidekind of Diisseldorf, and. 



production of steel. 

* Py llie kind permission of the Dc-signer, and the Editors of “ Stahl und Eisen,” 
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t^RGB BESSEMSK COKVEETEE PLANTS l6t 

The meUl it token direct from the btast-furnacet in ltdiet of i8-lont ctpacity 
BTtbe ttemn locomotive type, to the mixen, of which there are three, each of 
no tont capacity. Two are kept in constant operation, being charged and 
mptied alternately. Outside the mixer-house the ladle'of metal is weighed 
» a «ighbridge, after which it is transferred from its carriage by an overhead 
awtne crane of 35 tons capacity to the mixer, into which the contents of the 
a^ are poured by an auxiliary tipper on the. same crane. Slags from the 
nixer are [toured into a box conveniently placed on pedestals below, and within 
traito tange, sp that when full it can be lifted and placed for removal on a truck 
m the floor-level. The space under the mixer staging is used for the storage 
” also for the various wasiung and bathing conveniences for the 

lien and staff, from the mixer, the motal is taken to the converters in 
ilcctrically driven trucks, having ladles of 24 tons capacity. The ladles are also 



FiC. 85.— Klegtrically operated Ladle Truck* 


(Dimensions in millimetres.) 


e^ncally tipped, and all Jhe gearing and motors on the truck .iiicl about the 

k rl^irln s.ho«s views of the ladle-truck. Iteforc the metal 

IS pwred into the converter it is weighed on a weighbridge. 

«n *^*‘'*’ ‘^0'"'®rter is of ordinary construction, with 

-la' ^1""' arrangement of the trunnions is of special 

i« heino iMt ® liberal allowance of lubricant when the converter 

FiTsfi arrangement is shown in 

™ .• "! 1* o[)erated from the trunnion by a. chain drive, which 

S iK‘°f trunnion bearings at a pressure 

. iJ™ 11 . 1 ? the square inch. ^ In addition to this Sfiecial lubricating appliance. 

•" “P trunnion contains a liberal supply of sol degrease 
to ITOVide against any possible failure of the other supply. ® 

Kach converter is tilted in the ordinary way by means of a rack and pinion 
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'sp|K'r.lt<, <i 1 »\ a liydraulit (lylmdir I he is kept in p'f.ir uitli the pinion hy 
t-ans of a I.umI wiih i^uiunctal I Ik. « )!in<!rr :(> iiifhcs 

‘dianutcr arul has a stroki ul 1 pj uu lu s, tlio v< ss< 1 nio\( m* nl through 

SaSa cit gn.cs All the granng is \s< li proli ( l« »! 'I'hc < onvt rl< r is operate d hy means 
Jof valves for admitting the blast and tilling the < onvmter. Signalling apparatus 
to the engine house is aho und« r the e ornmaml of the opt'rator 1 he valves arc 
mounted on tlu ojif osite ^dc of the ronverte-r to the lij'pmg 1 ylmde r and gear, 
and in such .i posilCfn that the man in charge can .se< the convirtcr in evc:ry 
jKWilton. 

Ihc air ih adM..tted to tiic dout;le-s< at< <1 valvc' c le st shown in log. 86, frcmi 
the blast engine mams, and passe s through the ininnnm to the wind c lie st at the 
bottom of the convert* r A safc^ly vahe is fixed on a 'I'-jiu ce from the trunnion, 
and IS o[/<*rated automatic alk from the blast valvc. it • .m he- operated alho by 
hand. A non return valve is fixed on the blast rn.iin m front of the blast valve-, 
and closes automatic .fll) when the latter is shut. I're s-.ure gauges record the 
pressure on both sides of the main valve. 

1 be blast is sujijilied to tlie: ce^nvertr r plant by 3 sti arn-drivin hiist engines, 
having the fcdlowing capaeiins: 32,000 ('uhie: feet e>f air j»e r minute .u ^7^ Ihs. 
pressure jkt scjuarc inch; 32,000 ruble feel at 30 lbs. j^er s-juare me li , and 
2t,ooo cuIjk feet at 30 lbs. per sejuare inrh. 

CapolaB for SpiegeleiBOn. — 1 wo cupolas for me king spi* ge Icis* n are ere cted 
close to ihej converter plant, aiid each is capable: e>( uj* lung tons in 20 

minutes, or 4105 tons pe.r hour. 'J'lie metal fre^m ih< m is t.ipped into laclle-s 
mounted on trucks and conveyed to tlie convcrtei'*, mie> wineii their rcuitents 
•re tipjeed by hand gear. '1 lu' < upolas ar** Hippln-ei with hla.st from a direct 
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coupled motor driven blower, delivering 3250 cubic feet of air per minute. A 
non-return valve is fitted on the main pij>e. Fig. 87 shows sections of the 
cupolas, and dctails^of the bricks used for lining. 



On the lime charging stage a furnace is provided for heating ferro- manganese, 
which is CQnve)ed red-hot to the converters by means of swing pipes. 




LARGE BESSEMER COSVKRTER FLAM'S 


'l*he dolomite and lime u^ed in the convcftent arc siipplictl from ovcihead 
sloragr hoppers, and com c\cd u\ trucks from them to the fet^d h()p]Hrs over the 
convene ri. 

i • 

t i 



A<n 



Fi‘.. 88, -I)<-)uii»ilc at.'l T.ir Min'r. 


Scrap, ferro-manganese, amrspicgcl are elevated to their k sjx^clive platforms 
by means of a ij-ton electric hoist, operated by a i2j-h j). motor. 

Bricks for lining the converters are raised liy an electric travelling winch. 
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1 66 

Lining of Converters.—The converters arc lined with dolomite bricks made in 
thedolonntc plant. I’l^ 76^!) i^cSjshowb how the courses of brickwork are arranged 
in the converte rs, and the si/cs of the hncks used are also given. 'I'he bricks 
are made in a hydraulic |^r(‘ss from finely ground and prepared dolomite, of the 
ronsjstt nry l<^und most suitable for the walls of the cotnerter. d'he moulds in 
which the bm ks are formed must be of ample dimensions, as the pressure per 



scpiare inch to which the dolomite is subjected is 4500 ll)s 'The hncks are 
ejected from the mouhls b\ a supplemental)’ ram, which everts a pressure of 
750 lbs per s(}uaio inch. The bruks are drieil in suitable kilns before use. 

'The dolomite anti tar mivture used in the converter lining is made in a 
machine with a cylindrical sieam-jackcted casing, in which is driven a revolving 
shaft carrving knives which jass between fixed knives in the cylinder. I'he 
materi.d is fed m at the top and (list barged at the bottom of the cylinder into 
trucks. Fig. 88 shows two views of the machine. 

Converter Bottoms - I'he bottoms arc stamped in a press of special 
construction, shown in Fig. 89. I'he casing in which the dolomite is rammed 




Furnaces tor dr-j 

( oni *t'rter ht. ' Ko ^ 
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is placed on the table of the machine which rotates, w bile the rammer, mounted 
on a swinging arm over the casing, makes rapid strokes uj)on the mass of 
dolomite scattered over the bottom. To maintain uniformity of pressure and 



Fid. 91. --n)<lraulic Truck for rfmovin^j an'l rcpl.icing C'>n\crtci Huttomi, 


equal distribution of strokes over the surface of the bottom, the movement of 
the rammer and the number of stiokes per revolutu)!! of the table arc auto- 
matically regulated. The air holes through the bottom are made by 250 

nee<lles, inch diameter, which arc caused 


to pierbe tlie dolomite gradually during the 


oixTation of ramming, care being taken to 



keep them just belovv tlu* surface of the dolo- 
mite during the operation, to prevent damage 
to the needles. When the bottom is com- 
[ileted U is withdrawn. 'I'he time taken by 
this ma< hine to mould a bottom is from 2 
to 2 \ liours. It IS opeiatcd by a motor of 
10 to I2 h.]>. 

The filing of the bottoms is carried out in 
S|x.’Cially designed kilns, in each of which 6 
bottoms can be fired at one time. The arrange- 



ment of placing in and remo\ing the bottoms 
from the furnace is very simple and efifective. 
The bottoms are carried to the furnace on 
railway trucks fitted with a hydraulic ram for 
raising and lowering the bottoms as requireti. 
The bottom is run into the furnace and is 
lowered upon two side supports, a [date being 
under it to carry the weight. Ihe truck is 
then removed from the furnace until after the 


Fin. 9 J.- Mciho,l of Tn- 'S Joi'e. "I'cn “ ‘S f®'' removal 

crusuiion from Converter lining. of the bottom from the furnace. cig. 9^ 
shows arrangement of dolomite plant 

Fixing Converter Bottoms.— A sjiecial truck with hydraulic ram, shown in 
Fig. 91, IS used for conveying the bottoms to the converters and raising them 
in position, after which they arc fixed to the converter body. The rams arc 
17 j inches and 24 J inches diameter, with a total lift of 6^ feet The rams are 
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oj)crated by |»o><er sijj)j>lKHl ibrou^h a flexible bose ronnet tci! with the 
hydraulic mains. 

1 ills sank truck is iis< d for disl ml 1:111;.; imruslilion whuh ;:atlu'i'» round the 
inoutli of the convnn r (hi t!ic ^inaiicr r.iin k li\»d .1 iumd fiiitd \\ ith v r.ijK'rv, 
or Icctii, wliirli o|ht.u< nn the hmn.; .is sIiovnm in 1 14. 0*' 1 ins is tiono alter 

the ronverttr ius hrt n cnij tud .oul \xhi!<* it is still hoU 

'i'he rcniON.il of tin- Mind chest co\er is l»y h'\« rs suspi nded from 

tlic oxerluad traveller, fitlevl with stirruj's t n^.ij;in.: with tlu' hooks on tlu- cover. 
'I'he buriit'Oul hnnii; in the bottom is knot keel out h) humus o| .1 i.iiii sus|KMidcd 
from overhea’i, the outer ring hung chijtjietl out with jmeiimatic h.imincrs. 
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BLOWING ENGINES FOR BESSEMER CONVERTERS 

Blowing ICngines for supplying blast to •Bessemer converters are of more 
numerous tyi)es than they were a few years ago. For a considerable period, the 
usual method of |)roducing the necessary blast for the blow was by a double- 
cylinder horizontal or vertical steam-blowing engine, and eveft to this day this 
Still predominates. In addition to the reciprocating steam-blowing engine there 
are available Gas-driven blowing engines, motor^riven blowing engines, and 
turbo blowers, and the selection of one or other of th<jse is a matter for some 
consideration. With the older plants, the steam for the steam-driven blowing 
engine was, and still is, usually obtained from a steam-boiler plant, the steam 
beuig generated from ooal fuel in the ordinary way. Of recent years, however, 
the economy of utilising the waste heat from reheating furnaces in the works, by 
means of water-tube boilers, has led in some cases to an alteration in the steam 
generating plant, whilst still retaining the blowing engine in its old form. Again, 
in works where blast furnaces are installed, the utilisation of the blast furnace 
gai has been of economy at the converter plant, where, although the steam- 
driven blowing engine may still be retained, the steam is generated in boilers 
fired by the blast furnace gas. 

In modem works where an entirely new plant has to be installed, or in older 
works where it has been seen that a distinct economy could be obtained by 
discarding their existing steam-driven plant, the blowing engine driven by blast 
funu^ gas has made considerable progress. With the advent also of satisfactory 
dectrical plants and the cheap cost of power, the motor-driven converter blower 
is finding favour in works possessing a large electrical generating plant, or where 
curren^l can be purchased cheaply from a supply company or corporation. 

The comparative costs given in the following summaries, are for blowing engines 
of about 4000 h.p. suitable for a converter plant producing say 400,000 tons of 
ingots per annum, and are abstracted from a paper read before the International 
Congress at Diisseldorf, in 1910, by Mr. Mauritz. in each case, the rate of 
depreciation and interest combined has been taken at 6 per cent, for buildings 
and I a per cent, for plant and foundations. "ITie figures are typical only, and 
require verification in each individual case to insure that the costs given of fuel, 
gas, water, electricity, etc., are in keeping with the particular district in which 
the plant is situated or to be installed. 

Steam-drives Blowing Bsginea (Coal-fired Boilers]. — The capital. ex- 
’penditure for a complete steamiriven blowing engine of about 4000 h.p. with 
condenser, coal-fired boilers, superheaters and ^ economiser, pipes, chimney, 
buildings with crane, and foundations, is approximately 3,800. The con- 
sumption of water for the above plant, on the basis of a steam consumption of 
550 lbs. per ton of ingots produced, is about x6oo gallons per ton. Assoming 








, BWWIKG SJVGLVSS BOR BESSEMSB CQ^TBB^J£^S IJt 


tbtt a plentiful water supply is available* and charging for v^iitcr at the rate of 
*55^* per looo gallons (assuming also that the water is not used over again), the 
following annual running costs are obtained : — 

Cost of plant ;^aj,8oo. * 


Depreciation and Interest 

Water supply .... . , 

Wages, stores, and rei^airs r668y. jK‘r ton of mgou) . 
Coal (7 5 evaiKJraiive power, on the basis of 550 lbs. of 
steam per ton of ingots) a) lor. per ton 


/: 

2525 

M 50 

«775 

6690 


. Annual cost . . 


With an annua! production of 400,000 tons of steel, the cost of power per ton 

- , It. 440 X 30 ^ , 

of steel =s sa 8 06//. • 

400,000 

In the ease of a plant utilising the waste heat from reheating furnaces for 
raising the steam in water-tube boilers, these figures would of necessity have to 
be m^ified to sliil the |«irticular conditions of working. 

Steam-driven Blowing Engines (Qas fired Boilers) - With planU operating 
with gas-fired boilers, the following maybe taken as typical figures. The capital 
expenditure for a coniplelo stc.'imdnven blowing engine of about 4000 h.p. 
without economiser, and assuming that the boilers were in the oj>en air, would 
be approximately £26,^00. Blast furnace gas is assumed to l>c charged to the 
boilers at the rate of 1,/, ])or 5270 tulnc feet of g#s of loi B.'fh.U.'s per 
cubic foot heat value, corrcsi>ondmf to coal at lor. j)cr ton. Annual running 
costs : — 


Cost of plant ^26,300. 

Depreciation and interest 

Water supply 

Wages, stores, and repairs (\u; 1056//. per ton of ingots) 
Blast furnace gas @ j(/. per 3270 cubic feet .... 


Annual cost 


£ 

3000 

*450 

1 690 
6650 


With an annual production of 400,000 tons of steel, the cost of fiowcr per 

r 790 X 20 , • 

ton of steel = 7*68,/. 

400,000 ' 

An illustration of a typical steam*<lriven cross-comiKmnd steeple type 
converter blowing engine, manufactured by Messrs, (ialloways, Ltd., Manchester, 
if shown in Plate III, FiJ. 93. This engine is made for a working pressure of 
125 lbs. persquar^inch in the high-pres-sure steam cylinder, and runs at 50 r.p.m. 
delivering 35,000 cubic feet of air per minute at a pressure of 30 lbs. i>er square 
inch. 

In Fig. 94 is shown a jihotograph* of a large blowing engine recently 
installed at the Steel Work.s of Senelle-.Maubcuge, France. 'I’he engine is of the 
cross<onopound horizontal type, the leading |)arti< ulars being : — 

• Kindly supplied hy ihc ouken, Mews. lycflaivc k Co., Sf. Eliennc. 




Fig. 9^. — Stcam-dnvczi Blowing Euglac. LcfiAiTc*:, Cross-compound Horuonta.1 Type. 
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l)um. of hj^h prcjy^uro vtca-n c\l!iKitr. i jo m (;,i j ni ). 

,, low .. . j oo in I rS 7 <; in V 

(Ml h air i N \n.!i r . . i>jin (;o(jin‘ 

l^rVt;ih of stroke' . . . i 70 in (6(A) in } 

Kt‘\ olutions {H r Ill'll :!(• . - . (>0 

Strain pi<ssur<' . . i^rr s j im’i. 

Air s 

Maxnniun \o!uuu ot an ; ■ : ‘i-n’. . k > ' < n nn tie. ( c. It ) 

Normal h< n pow er . J ■ 

'rulal Nu i^tiit . .... ^50 tons 

'I'his blowing engine is loi .1 in oinnnej’on with iS :> ton (onveitcr^. the 
a\rrai;o elurati-m ol the i !.o\ n* nn; i ' n miin s 

Gas Bluwinif Engliu^s \u lilii^tiam m of .1 .'..s h'owm • < n 'im m.nie l»v tlir 
M.A N. (\> . \ursl lif^, (,(111! ui\. i'. sho.Mi in 1:/ .j. \n i n.nnc e»l this 

<!<. s('npti< '!), <n;tah’i 1( r .'^ton 'M nu i <oii\(ii(i', uiil < , uni'K ti Iv 

( ree te.(l I ut w ith"Ul i!’< ms iiul jnpin ih-mt / ' , o . I h. se ( nj^im s .irr 

Minplc 111 o].. rat on, tie int,t\ ol .ui (h!i\<i«.l ui.l th. .01 jm sMire ix nn' 
)P)\( iiu (1 1>) .1 l^aiel K , til.itoi A nioi s\vit< he s oil llie i nili'Mi will n the 

l>rrnnssil li' s[K‘e <1 is < \« 1 « .!( ,h Uld s\\ ite 111 s It oil .11-' nil \S 111 M tin I n;’ili<' li Minn s 
Its noimil six'd. At tie « ml o| the hioes, u th- i- is imt .inolhci ioM\,ri<r 
n ady lor 1 lo'.v iim’, t!u uvnie is not ^ topjM d, Imt the .111 ''' j ] U is i iit oil lioin 
thr rorui iters \)\ m< aiis ol a l.al iii. i d \al\< . wlm h is \<\ k i d in l!ie hl.ist pipiny, 
and worked hy a i* la\ '1 hi* .nr thus lo.ip.s into lh< .11 no ].h<te, and thr 
t n);mr luns at no load until thr valve is < Iom d .nid hlownn- opi mtion is 
started a^^.un. 1 hjnni.t Gir j>ause liit Aiinthi Moves ihi i nj;;n< 1 11ns at .1 * hnv 

speed, and the fias ('(Uisiiinption 1 ^ then Ion sm.dl 

In till ^a> blowing i n,;iri( s in.ide hy I Iosm n .ind < o , I id , M iilh. iin-Knht, 
(Irnnany, the spi < d n m'dalion ol the i nem- is i ih i d h\ tin hit of tin ini vtiiie 
valvi*, h) whiihit i-s ]m;ssi!>1i to v.iry th< niimhi t of nvolunoii. lioin jo to ()i^ 
pi'r nnnuti. '1 hr air suiijilv is lontiollid lo .1 loi.nv v.ilv. in tin hl.ist 
(Alindrr com r, wh:< li in dilh n nl po nions < Hii» r i onm i l , tin i ) lindi r i ha ml a i 
with the out* r .nr or with .in additional i losi d '.p.n 1 , or veiun woil^n^ with 
lulldoad shuts oii iiutli i onm • tions 

'Hie capital i \i ( n.iitiir. lor .1 i ompli !< y; m hlowm,^ - neiix' ot .d.oni 

4000 h p. lor woikin,!^ on M.ist Inin.a.i / .,ir 

a[)paralus, ok ul.itine water pumji, pipi s, hiiildint's wiiii • i.nie, .ind lound.iiions is 
aj)prc>\imatel) y ^7,0 o 1 his < o^i do< s n<>t in< lud« ;M',-pmil v nc; plant 1 he 

consunijition ot blast furna< < j>is(ioi 1, ih I jii r cu it) pi r !< n ot ingots 

prodiu cd IS lake n .it 40 |e^ i uhi* {< < i, and it is a e-iiiiK d ih n it is i h.nr' d lo the 
•steel plant at the lal- of 1,/ p. r iJ7o<iih;< fe< I, / r loin i-ondin- to . oal at 
I Oi, jx'r ton Annual luynmp iirls 

Cost of jilant y J7,oco. 

• / 

Dfprci.ialion .ind inti n St . , .r,.- , 

NS'atrr supply . ^ 

^Vages, stores, and n pairs ( a 1 056,/ j.. r ton ol mcotm iC<yo 

Blast furnace gas </> n/. per 3^70 cubic f' i t . i' o . 

Annual < -ot y 7X215 

With an annual production of 4co,coo tons of tiel, tlie <osi id jmwer jK.*r 

. r , 7‘^^S X 20 

ton of steel = ' = t 7 /. 

400,000 ^ ' 
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Fig. 95.-— Cms Bloiviog Eogtoc, M. A* N. Type. 
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llolor4ftf«A BlowiAf InfiBat.— An illustration^ of a aooo b.{x direct current 
converter blower made by the Fclten and Guilleaumc-IalmteyerwcHic A. G., 
Frankfort* Gemuny, and installed at the A, G. IViner Wairwerk, Peine, Hanover, 
is shown m Plate IV, Fig. 96. Ilic motor can be varied ia speed from 22 revs, 
(at which speed it gives out 600 h.p,) to So revs. |)er minute. The electrical 
supply is taken to the works from a power station at llsede, 4 miles away, 
at a pressure of 10,000 volts A.C. ft is converted at tlic Peine works to 
500 volts D.C. From nxords taken of the consumption of electricity, it has 
been found that 30 k.w. hours are consumed per ton of ingots jKoduced. 
This figure includes the loss in transmission and conversion from A.(\ to D.C, 
and it m }m>bable tlat the consumption of electricity where no transmission was 
necessary, would Ixr alroui 35 k.w. hours j>cr ton. At these works the average 
duration of the blow ” is about 13 minutes, and the pause between the “ blows” 
frmn iS to 24 minutes. During the (lause, the motor is kept running light. The 
power consumption (at jJ. |K.*r unit) costs Sj. 6</. per “blow,” and ix, 44/. 
per fause. The sire of the converttrs is 15 tons. 

’ITic capital expenditure for a complete motor-driven rer:iprocating blowing 
engine of about 4000 h.p., including continuous current motors, cables, switch- 
board, electntal ctinductors in the power house, overhead crane, buildings, and 
foundations, is approximately 7,100. Annual running costs : — 

Cost of riant, 17,100 


Depreciation and interest 1900 

Water supply 25 

Wages, stores, and rep.iirs (:a) 18/ |>cr ton of ingots) . . 300 

Electricity (25 k.w. hours |)cr*lon of ingots) (u) iHi. per 
k.w, hour 7500 

Annual cost . 


With an annual production of 400,000 Iona of steel, the cost of power [)cr 
9725 X 20 
400,000 


ton of steel • 




Turbo Blowers. — Turbo blowers are coming into use in this branch of steel 
manufacture, and they have advantages over tlic reciprocating blowing engines 
in that they take up less room and require less expensive foundations. They 
ire not, however, fully develoix^d for use with converter plants, but it is probable 
that in the future they will prove to be as economical as the other tyi>cs of 
t>lowing engines for liessemer plants. 


* “Siivhl unU Elicii,” vol. 29, July 141)1, 1909, 
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COST OF Mill. PFODrCFJ) I\ LIRC.F. FESSFMKR 
COWhlUEFS FOR L\i,(US 

I\ ('oiisKlrrin;^: tiu- rosl of steel ])ro(lu' ed in lar^e ronverter j)Iants, the value 
of the lujuid sie( 1 til the 1 ullt is tak<.i) as the lla^Is of c.ih illation, and not the 
('ost ol ingots It IS not po^sil)]. to ^ivc more than approxiii^atc < o^ls for both 
acid aiul basic slctl, sslmh would be re[)rescntalivc ol the general [>ra( tico at 
borne and in otlier (ouiitries. It is tluTcfore intcn(h-<l to give a general indica- 
tion of < a( h Item of < ost as would be found in ino<hrn works with the use of 
applitiiua s when- a minimum of handling by ordinary labour is reijuircd, and 
w'licre plants are worked to their maMinum lapaiily. In the lirsl jilace, a plant 
with four lo-ton converters will be consuKied, and in the second, one with four 
24-ton com crti rs. 


Cost of prodtcixo Stkfl in io-fon Basic Hisskmfr pi. ant 
Wllll I'uUK CuNM'JUKRS 

Capacity of Plant -With four 10 ton C<)nverters in regular commission, it is 
only advisalilc to count on 3 being in use at the same time, one of the four being 
always under lepair. In each ol the 3 (onveiters, the duiation of the blow 
varies from 10 to 25 minutes (as many as 50 minutes have been taken), or say 
an a\erage of 17.J minutes, but to this there must he added the time taken in 
charging the lime aiul for pouring the metal into, and the blown metal from, the 
convertei, whuh may vary fiom 10 to 15 minutes. 

Wedding ‘ estimates that 40 minutes may be l.iken for an average heat, but 
even with this allowaiKc a converter could tiot be constantly worked at this 
rate owing to the lime otcupicd in (hanging bottoms, d'wenty four heats per 
converter per 24 hours is found to be a good working output. Larger outputs are 
obtained, but tfie cost ot jirodiiclion will be based (oii 24 heat> per 24 hours, or 
at the rate of i heat ptT vessel per hour. The weekly output, thert^lore, with 
10’, 12-hour shifts per wetk 

- io|, X r2 X 3 X 10 = 3780 tons. 

Working 48 weeks {x.'r year, the annual output 

= 3780 X 48 = 181,4 to 

Cost of Plant. — The cost of plant to produce the above output of steel would 
vary considerably accoramg to the conditions oT Mie and auxiliary plant used, 
but with all the most modern appliances and facilities for reducing labour to a 

' Wctliling, “Basic Pr\K:fss,” p. iiS. 
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minimum, thc*total co&t would be approximAtely /^;o,ooo. 'rhis figure includes 
the following ^ — 

i. J wo mixers, eath of ions c^j^aciiy, for u^e as collectors aiid ilesul* 
phuriscrs only. 

3. 'I'wo slcani Ia<'o Inicks, nuh l.ulles of 15 tons c.ijwu ll^. 

3 One oxi-rhead elo iric crane in mixer lioiisr. o( 30 ions lifnng iMjVU'ity, 
with 1 0 ton auvilurv ; ral>. 

4. fi)ur 1C ton Luincrtirs mniintcd on |vd< ^tals, wilh hydraulic tippmg 
gear 

5 r-Ao blowing engints tv) Mij>ply sullu lent blast tt) blow iwo \esscls at llie 
one tinu 

6. 'bwo 3C Ion b)draubt' or ekitncally o|K.*rat<tl (lanes (or serving ibc 
converters. 

7 (bie 3 5 ton oMrbcnd eli clnc ca'^ting crane. 

J< ( )ne So Ion oNcrluad i let Inc < ranc (or baiulhng (be conv<*itcrs and 
serving in otlu r direcluiiis 

9. rwosjHcial inak**, With h) dr.dibcally operalt table rains for n-moving 
ctinverlei Ixuiorns. 

10. ‘I woeujKtl^s lor spugibusen. 

1 i 'Two !.)w -prcNsur*’ blow< rs l«)r « npulas, 

13. ( )iu liirnat r lor b( .iting bine and (erro in.ingaiH sr. 

13 ( )nc to < upul.i and linn. no staging. 

I }, ( >n<’ hoist to ( nn\( rli r staging. 

15. All pb'ing and \al\es Tor cupolas and < onvi ?(< rs. 

16. All stagings, '-truiliu.il steelwork, ebnnru ys, rlc. 

17. 'I’wo Si Is of b\draiili< putnj>s, and act uinulalitr. • 

18. (o)n\crtir and inuir buiMing, * 

1 9 Two weigbbridgfs. 

20 St« am boilers, 3000 b p. 

21. Ib)!ornite bouse wiiii jilant 

32 Foundations lor buildings .ind pl.ant. 

blast furnaces arc not iruliKled, the tost of the iron being Inken tlelivered at 
the mixers. 

Depreciation and Interest on Plant. .\U jiarts of a lb ss, mer plant, nu bid- 
ing the auxiliary mat binery, do not drjtrct i.itt at tin- s.nnc lato. Some Ilessemer 
plants are nf>\v at work wfuth were insialb d over \tars ago, Init oiber.s 
liave been reetuislrut tt d, or enl.irg* <1 arxl int^tbTrnscd .Mlowing a dr ptfeialion 
of 10 per ( enl. on the plant, 5 (xr t < nl. on llif binbiings, and ih p» i tent, on 
the foundations, we ha\e llie lolluwing . - 

L 

Depreciatmn on jilant, 10 'b> of/ bo, 000 . . . 6,000 

,, ,, buildings, tj ofy.Jo.oco . . r ,ooo 

,, ftiun^i.ilitin-^, 2^, ' ol y to,<<<o . . 3 ^-’ 

Interest on capital, 5 (.if ^,90,000 . . 1 ^<jo 

'I’otal annual (barge for depreciation and mien si - J \ 1,7^0 
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Estimated IVorktns^ Costs per Ton of Liquid Stool 

Cost of Repairs and Stores. * 'llie repairs on a Ik-sscmer plant are very 
extensive, and include all the materials and labour expended in prc{>aring the 
material for use in tfie converters, suih as linings and lx)ttoms, the cupola linings 
and ferro-inangancse and lime furnace linings, ladle and chute linings, etc. The 
repairs also iik lude the materials and labour upon all the plant and buildings, 
such as the engines. cranc.s, trucks, convejors, hoists, permanent-way weighbridges, 
etc., and all staging, structural steelwork, and buildings. 

Stores include all hand-tools, brushes, waste, a'>bestos, packings, grease, oil, 
and many other nuscellaneous items. 

Repairs to Converters -These repairs include the renewal of the linings and 
bottoms. '1 he bottoms are renewed frctpiently, lasting sometimes only 20 heats, 
while 80 heats (an be obtained under certain conditions. Wedding ‘ states that 
at 'I'eplit/, lloheiiua, wlu r(‘ .rammed dolomite bottoms were u^ed in which were 
inserted arid tuyeres, 80 heats W(.re obtained before the bottoms recjuired 
renewal; the converters had a capacity of 6^ tons. Using similar bottoms at 
I’ottstown, Pa , II .S .A., only 65 lieats were obtained , these converters W’ere 
10 tons (apadty. I he diflerence in the number of heats (.ibtained from one 
bottom may be actounted for m llu* kind of material used, as well as m the dif- 
ference in the ([uality of the iron < onverted, and in the ojieration ol the process. 

Converter linings last very much longer than the bottoms, to from 6 to 18 
montlis , but the cost of npair is \('r) imu h rediutd if suitable handling a[)pa- 
ratus is installed for (.ariying this out. The appliances used at the North- 
hlastern Steel W oiks,, Middlesbrough (described on ]>. 1 C. ‘^re mo>t efiectual 
in rapidly dealing with the r( pairs of the vcs.sels with a minimum ot lalanir. 

Other mateiials used m the repairs of mixers, cupolas, ferro-rnanganese and 
lime fuinace, etc., do not cost so much a.s those used tor the conveiters, hut, of 
fouise, are iiu hided m the total, wlmh amounts to ap[)ro\imately 2 j. i)d. |x.t 
ton of lupild steel. 

Other repairs to plant, meludmg wages and materials on h)drauh(', electrical, 
and mechanical plant, also stores siu h as oil, waste, etc., co^l ai»{)ro\iinalely ()d. 
per toil. 

total cost of repairs and stores - 3^ 6,/ |*eT ton of luiiud steel. 

Cost of Fuel. Under this item art* nuluded (oal, coke, oil, producer gas, 
wood, and othei fuels used m heating uj) the ( onverlt rs before the\ are charged 
with molten metal, for melting the ^plegelelsen in the cupolas, lor healing the 
lime and ferro-rnanganese, he.Uing mixe rs, dr\ mg bottoms in ovms, and all other 
fiu‘1 used for heating juirposes about the [)lanl. 'I'he aveiage cost is approxi- 
mately 5</ JKT ton ol iKpiid steel. 

Cost of Labour. — 'I'hc labour of all men reipiired aliout the pUnt is included, 
except the labour already allowed for under “ Repairs. ' 'I'he number of men 
re(|uired in liandhng tlie raw materials is comparative!) kw m a well-e([ui[)})ed 
j)lanl. 'rile lollowing list includes most of the nun 

'I’he loco men engaged m taking the me tal from the blast furnaces to the 
mixers, and from the 1111 xeis to the converters 

'I'he weighbridge men outside the mixer and converter houses. 

'I’he ( rane men in mixer and c onverter houses. 

'I'he men at the mixers. 

'I’he men at converters, cupolas, ferro mangane.se and lime furnace. 

'I'he men employed handling scrapand lime, ferro-allo) s, etc., for the cupolas 
and converters. 


’ WciKljiig, “ IJjin. Proctss,” p. 215. 
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Meu removing sJags. 

Bbii engine ami ^^lliail Mower ailtiulanls, fiicmeii at boilers, etc., ami general 
labourers. 

Foreman. 

'Die tola] aver.ige wages in .ippro\imatt ly i» o-/ j’>er tot» of liipml Met'I. 

The rates of wage^ N.uy m ii;ntienl eonnlruN, but tin* lollowiog particulars 
issueiJ rectnt!) in a Kullciin of tlu- .\inen« an Avsoiialion of ( i*ininer»'e and 
Trade, iicrim, giving (he rai« s of wagts paid to men t inploveil in ilie Ilasu lies- 
s<,rner preut^N in (lerm.ine, are intiUNiing, .ind ui\< the w.iges paui on tunc or 
day worl, and on a tonnage basiN. biiiiNh latis ar< from lo to percent, 
higher, and .Xiutr^an rales Iroin So to iso per cent Ingln r, than the (leiman 
rates. 
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Cost of Power.-- 1 h( < O'^l of power eoiiMimed in gi iwraling tlie blast foi the 
( onverters is <!«[)en(iuit in some measure upon the kind o( Im 1 iisetl. In 
Chapter X\ I the j>riii< ip.il pD ni day large l>pes of blowing i ngines are con- 
sidered, and the amount of fm 1 used p« r ton ol lujuid stei l hy e.ieh < lass ot 
engine is givtn i he use of sti am (nguus of both the hon/ontal and verliral 
tyjK! is <omm<ui, and tin fu< 1 cost for a jdant ol tin* si/e now' being considered, 
when coal is taken at ioj. pi r ton, - about i r 1 lie power i onvunn d by pumps 
and auxiliary apjuratus sm h asek'tiie and hydraulic crams and hoists is np- t 
proxiniatcly iJ. per tun. 

total jM)W(r ('ost " i o id. j-cr ton of lH|md st( el 
Cost of Raw Materials. --'i'lie < ost of raw- materials iis< d in tin- charge of the 
basic converter varies < onsuji rably, .a < inding lo llu. < ornposnion ot the basic j)ig 
and the final jiroduct rc<juired, llie kind iluxt s uo d, ilir pro« i ss .alojttfd, .md 
many other considerations in the wmkmg of ihi pr<««ss An ajipiQsim.itKm, 
on the basis of an average i ost, is all that can Im given, with illustrations of 
individual exam[)les. 

Matorial from Blast Furnace to Mixer. 'I he* c«>st of lupiMi iron as supfdn-d 
to the mixer varies with the ]>ri(e*.s of il.e ores, fuel, aiid other mal< rials, which 
fluctuate from time to time. When the native* orr s in I ux< nilmrg and Lorraine 
cost res{x:( lively 5i lod and 5>. \d p( r ton, tie pru<-ol |,ig irmi per ton 
was 42s. S^d. and 44^, 9I/., -aJj set forth in lh< f<dl(jwing fletails given by 
Wedding ^ : - 

‘ lo K:<me Icxalmcs ihc H hour sLiU !4 bong eJ. ■' W < .I'lirg, " b.i k I r j* |M|. 
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Luicmhurg. I^jrraine. 

/. d, t d. 

5 10 5 .?i 

84 84 

- - on 

22 O 23 6J 

3 3 li 

3 5 3 

'lotal .... 42 8 i 44 9 

At the same tunc, in 1882, the cost per ton of iron in other districts of 
Germany was as hdlows : — 

Saar district, 475-. \ \iL \ Westphalia, from 48; ii\d. to 54;. 2d. 

For cost of {)roducing Bessemer pig iron in America during 1902-1906, see 
Table XIV, p. 16. 

'lowards the end of the nineteenth cctVuiry, Jeremiah Head and A. P. Head 
estimated' tliat tlie cost of pig iron at Pittsburg, Pa., U.S..V., was jTi \2s. 5^./. 
|)er ton, while at Midilleslirough it was ^2 i2i. 2d. per ton. Since then, the 
( ost of [iroduction in the U S.A. has increased consitlerabl^', while in Britain 
the [irice has been reduced. In 1898, to produce i ton cjf [)ig iron in America 
cost I 191 , and in 1908,^2 i8». 4^./. d'he increase in .American costs is 
due to several causes, namriy, ore having to be obtained from a greater depth, 
higher wages, increased cost of fuel, limestone, and transit. 

From the foregoing it will lx; evident that the price per ton of liquid iron 
varies in ditferent (Oibitries at the same and difTerent periods, d'he figure of 
501. jicr ton is therefore taken as an avei'age approximation. 

Other Materials. — The amount of lime used j^er ton of steel varies from 10 
to 20 per cent. Taking 15 |>er cent as an average -that is, ^36 lbs. per ton — the 
cost per ton of steel, with lime at 14^ jicr ton = 2s. \d. apjiroximately. 

Kerro-manganese and spiegel for ingot iron cost approximately n. Cd |xjr 
ton of steel. 

Other miscellaneous materials siu h as aluminium, ferro-silicon, etc. = 6//. [xir 


ton. 

Summary of Costs 
Cost of Plant, ^^90,000. 

£ s. d. 

Depreciation and interest 013’* 

Repairs and stores . . . . .036 

Fuel ... . . . . .005 

Dibour . 019 

Power 012 

lame ... .... . , . 021 

Ferro-manganese, spiegel, etc. .... 020 

I'lg iron (lii}uid from blast furnace) .... 2100 

General e\[>enses .... ...009 

Cost per ton of liquid steel 3 2 1 1 ji 

Plus 15% loss of iron during conversion .076 

Total cost of production 3 *0 5^ 

Less value of slag , . .... 036 

Total net cost |>er ton of liquid steel . . ^'3 6 1 1 

' “ Kiigincor,” vol. «.\u, p 47 1 


Native ores . 
Foreign ores . 
Limestone 
('oke , . 

Wages 

-Miscellaneous 
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The folloi»ing arc ^iven as com|arativc costs 


Coat of Converting: Basic Iron to Steel in Oennany * 
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Cost of Converting: Iron to Steel at Charleroi, Belgrium Plant of throe 

10-ton converters. Output 450 tons in 24 hours 
McUil direct from Ma^i lurn.Ke to ( utuertc r'j. 


Waste of pit; iron, 330 to no Ihs (>< r ton o H 

( oa), 330 to 364 11-s. , J li 

Coke, 28 to ()<) ll)s, o o 

I tulomile, 12 j to I n Ih'' o i 

Lime, 306 to 419 Ihs. . o j ( 

(’oal tar, i r to n . 008^ 

Refractory materials .,009 

Plurnba/^n) • . . . o 

Mim\ llancuus ex j)ens( s and repair'' . . . u i 1 

Handling wagons and s\Mt< Inn^ o o 1 

'''•■iKCs ^ .... '>17 

General exi>enbeb . * . u o i; 

Sinking Fund .... 005 

Ferro-mangancbc, ii t(j r^ ll;s. . . . o i 2I 


'loial . . . o i.H .*J 

Deduct value of .slag . . o j .4^ 

Cost of conversion o 13 ro 

Add cost of pig iron .217 

Total net cost per ton of Injuid steel / 2 17 5 


‘ Weeding, “ Banic Proco*/' p, 185. * “ Kevue UruvcrMrllc de» .Minc%,” \oI. xv, pp 1 a6. 
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Kmimatm) C(j^t ok i-RODi^riNo Stkel in 24-ton Basic 
H h^skMKI<^ Plant vviui Four Convkktlks 

Capacity of Plant. — Making allowances for the necessary delays in changing 
bottoms, jiatching and renewing linings, and general repairs, the maximum out- 
[mt of three 24-ton converters in constant o|X:ration during 24 hours is approxi- 
mately 20C0 tons,^ or cMjual to over heats per 12-hour shift from three vessels. 
'Khis is above the average proportional output from some smaller plants. Take, 
for instaiue, the outj/iit from three lo-ton basic converters at the works of the 
North-Ka'^tern .'^teel O), Middle^hrough, \\lu<h is a good average case, and is 
given" as vi hours, or a])[>roximately 17 per cent, less 

tlian the number of heats from tlie 24-ton converter [)lant. 

'I’lie weakly outjiut of the 2 pt(jn plant considered in the following costs is 
calculated on the basis of lo.^ shifts of 12 hours, and is equal to 10, i X 1000 
= 10,500 tons. 'I'aking 48 weeks per year, the annual outi)ut = 48 x 10,500 
— 504,000 tons, say 500,000 tons per )ear. 

Cost of Plant. -'I he capital expenditure on jilant and huv'dings for the pro- 
duction of the above output is somewhat ditfu ult to estimate without having all 
the conditions of site and locality in view. 'I'lie foundations for such a jilant 
may bo twice as mu< h on one site as on another, according to the nature of the 
soil. 'I'he cost of the plant and buildings art' more easily determined, and from 
details of costs in our possession we are in a position to make the api>ro\imale 
estimate of /?2oo,oocs, which may be take n as reliable. 'This price includes the 
following plant cU liverc'd, erected, and rp.idy for use : — 

I. 'Khrce mixers, each of 450 tons cxqiat ity. 

3. 'I'hree loco l.idlc trucks, of 20 tons <a]>,icity, for ronve)ing metal from 
blast furnaces to mixers, 

3. d'wo p-) ton overhead electric travelling cranes, in mixer building, with 
auxiliary lipiuug equipment. 

4. 'Two 25-ton elec tric ally tippe d and operated hullo triuks, for conveying 
charge of molten iron from the mixers to the converters. 

5. 'Two weighbridge's, for rec'brding the weight ot iron received from the 
blast furnaces at the mixer house, and the metal from the mixers hUore delivery 
to the converters. 

6. Pour 24-ton ( Onverters, eae h mountcel on pedestals, with hydraulic tipping 
gear and complete blast and other valve eepiipment. 

7. Two steam-driven blowing engines of 4000 h p. each, complete with con- 
densers, hollers, superheaters, ceonomiscr, ])ipes, chimney, crane, and buildings. 

8. Two electrically operated lilting ladles of 25 tons capacity, for taking the 
steel from the converters to the casting ]>Hs. 

9. One 35-lon overhead electric iravelling crane for ser\ing the ( onverters. 

10. Two trucks with special h>draulically operated tops, used for taking tlic 
bottoms from converters. 

II. Six slag |xin skips mounted on trucks, for conve)ing slag from converters 
to the slag mill. 

12. I’wo cupolas for melting spiegeleisen. 

13. One low pressure blower for cupolas. 

14. 'Khree tipping ladles on tnicks, each of 2 tons capacity, for removing 
melted spiegel to converters. 

15. One ferro-manganese and lime furnace. 

* This h.'is l>con confuinetl l)jr a prii.-itc authority. 
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16 . r^o \\o\si<< 10 cujK)U surging. 

17. All ^laguigs, nitings for coinorlors and cuj>oIas, pipn^g, valves, appliances, 
tCHjU, convc> ors, eU\ 

iS. l«os('isof )\)dj.uihc pumps with aecumulator, lot supplying ilic con- 
verters, inieks. atvl all appliaiu'e^ iiiulei water pressure ahoift the planU 

i() lluilii’Mgs fur lOfuerter, mixer, and de)le)mile plants. 

;o. \!1 (rushing, grinelim;, and drying plant for dulonnle shop. 

:i All foundations for hiiiKlings and plant. 

22 , MisecUaneous items ol ]>!ant. 

Blast furnaces are nut me lueled in this < ost. 

Depreciation anti Inlereat on Plant. Allowing the- same i.ite' of eK'prenatiein 
as in tie sinallei j-lant, nanulv, 10 per ee-nl on pl.inl, 5 per eent. on hmldings, 
and |Kr Cent, on tound.iUuns, together with 5 p< r eent. interest on llie 
total eapit.i! uuila), the lullowim; annual charge- is rnaele- on this ae Cemnl 


I 

1 >Cpre e :.lllun on pi ml 10 e)f ^4 * IJ,e)00 

hudding ' and striie lur i! w I uk ^ ',uf / n.\(vu) ;,soo 

luuit. lations o| /‘jo/ o . 1^00 

Interest on e^psfal 5 u( / .'00, .0 lu.ooo 

'1 ulal annual i han;< lor el» pre< i.Uion and inter* st ooo 


Cliar^e for de] leciation and interest jh-i ton of liepml steel 

~ u o\/ 

SOO,* UO ^ 0 

Working Costa per Ton of Liquidlsteol. ‘I‘he ite ms of e«»st m the working 
<»f a I.irje plant ar* simil u, altlioiigii difl* r« nt in nni'ciml, to (liosc ol a small 
one W hi n it is re ni' inhe-re d that i-j tons *if ste e 1 e an l>t e mo i ili d as i.ipidly 
a-s to toi s, tlx labour iiooUcd pe r t'»n of st*-* 1 pt*»dii< ed is \eiy gr< ally re duecd, 
(\cn when the two plants .ir* < ijuipp* d nilh tlx- s.iiii<- haixlling devie es for 
hrin,;ing tlx- nnte rials to and lre)m tlx- eoiocrter plant in a well managed 
jelant, one man eaii eXH'r.ite' a 10. -ton * taix as < asily as eux' of 10 Idus lilting 
capae ity, and like r( sulis are f>!)tame d with iHe- other h* avicr handling .appliances 
where the- diiplx.Uion ol the human < le-rn* nt is unnecessary !■ xtra I.ihoui, 
howeve r, IS leejuir* (1 in op* lating acMiliun.il m.ic hiiu-s in tlx prc-paralion .uxl 
handling ol inat< rials for the repairs of \*'ss< K, etc:, hut n*4 in the ratio of 
24 : 10. 

We are- ixg in j)Ossc'ssi<sn of tju* artuil detads of r<)st c>r operating .1 .i pton 
ennverti r plant, hut ha\< , on good .nithority, that tlx- (omv* rsxxi c osis are from 
8) to 10; jH-r ton (d st* ( 1 pr<)(Iix ed, itx hxling tlx- fullciwmg it* ms : - 

1. All repairs l*) c onv* rti rs, eiipola mi \e-rs, and auxiliary plant, including 
the jirojiarat ion ot the- htsx' rnaicii.ils f<)r the linings .uxl hoUomH of con- 
verter;), linings and rep.urs of cupolas aixl mix<-rs, furnace , and ladlc-s. .Mecha- 
nical, hydraulic, and elee tncal n-pairs to jilant, and all sinx tur.il aixl f>tlx-r 
miscellaneejus n-paus in e onneciion with the maintc-naix * .uxl up' ratxjn of 
the plant. All st<)ics are- lik<-wise inclmlcel. 

2 . All fuel fe^r lie.iling purp<)se sue h as coal, coke-, prodn< cr gas, oil, Wf>od, 
and other fuels used in heating the converte rs arxl mix< i'^, furnac e-s fe^r recasting 
and ovens for drying the refractory matc-nals, aixi all ultx r fuels us' <1 m aid 
of steel production. i’he amount of fuel usc-d for the.c- purposes is le ss jx.-r ton 
of steel produced than in the small jdants, as the cxilpui <>( st< < I is so much 
greater dunng the {xrriod in which the- plant is k'-jd in const.inl eq*' laixm 

3. latbuur includes all wages and a j>ereLMtage of s.ilaries In cj}/<;raling .1 
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24-ton plant, the labour costs are from 30 to 50 per cent, less per ton than that 
of a 10 ton j)lant. 

4. All ]>ow( r used in generating the blast for converters, cuj>olas and mixers, 
hydraulic pumps, electric cranes, conveyors, hoists, steam and electric ladle 
trucks, tipping devites, etc. 'I he pnncijjal item of jx)\\er is that of generating 
the blast for'iln- convt iters, and may be taken at approximately 6</. to 9/ per 
ton of steel [(roduced, according to the t)pc of engine em])loyed. 

5. All raw mat(‘rials such as lime, fluorspar, ore, scale, and scrap, also the 
additions made to charge m the form of ferro-manganese, spicgeleisen, etc. 

6. I)(‘preciatif)n and interest on plant, to ^\hlch reference has already been 
made. 

'I'aking, th<ref(jre, the figure of i)s. 67 . for the transformation cost per ton of 
liquid sit el, the following summary represents the total cost per ton of steel : — 

, Summary of Costs 

Cost of riant /^2oo,ooo. ' 

l)epre( lation and interest ... .1 

Kejiairs and stores ... 

h'uel \ 

I.ahoui . . . . ( * ’ 

Po\v( r . 

Raw materials (other than pig non) / 

I’lg iron(h(juid from blast furnace) . . . 

t 

('ost per ton of li(|iiid steel i . . 

riiis 15'’,, loss of iron during (oiuersion 


'botal cost of production 3 7 o 

J -CSS value of slag 036 

Total net cost jier ton of liquid steel . . gf > 3 


£ 7 . 

I 

096 

2 10 0 

219 6 

076 


6 



CIIAPTFR XVIII 

// /iW c//!A\;/.s j’Mri i)yi n ,ixn .iXAn^rs axd 
r,sA.s or .su-hL rroriKAi) ix iakoa rh^M.MKK I'LAxrs 

A ( ' 1 1 )- L I N k 1 ) C < ) N \‘ K k r \: R s 

In liu' (■oiuir'''on nf niolhu iron to lo llu‘ acid laotoss, il is necessary 
to S('lc( t pi;; itoti^ wlu<ii Isasr sutl:< w nt lu at clciiKnts to protlucc the 

net'es^aiv ( h- mu al rca‘ lions diiiin;; t!u: jiox t ss, as no < xteinal heat is added to 
the initial heat ol thr imn. In 'lahh' Vlll, p. 13, typn'al anal) st s of several 
brands o( iH'-sinur pt;; irons ar<' "hah \m 1I prodme sin;;ly or when 

mixed t(>^<.tlier, sali^lai tor) n suits in the a( id lined roiueitir I he an.dyscs 
arc onI\ l\pH li, as many !uindr(<ls ot lirands of non « xisl wlmh aie suitable 
for the pr<K(ss, altliou;;h liiey may \ary to sonu' dee.rtje in ^.pm ral analysis. 
'I'he piincijul hcatgiNin;; eh in<-nls ^n the non are r.irhon, silicon, and 
nian;;arn si , Iml as tin sihi on and m.inpan' se are oxidisr tl duiin;; tile first period 
ol the h!o\s vshile t!ie ti nipi ratiiri is low, it is luiiss.oy that siilhcient of lhei»e 
elerrn ills are presi nt to allow of the ti imjh raliirc use to encourage tin* oxidation 
of the (arfxiii without undii* lo^s of iron. l’i|; non ran Ik used with sati.sfaciory 
results undi r (ertain (onditions, wlun lonl.iminp' siluon xaryin;^ from o’75 to 
4 0 JM-T ctiit, and rnaiiLMiiese from .po to 0 5 jier < i nt. '1 Ins shows llie 
llexibihls of the jaoress which admits of .sgi h wide vari.ilioii in ihe analyses 
of the materials usi d. 

Ah jitiosjihorus .uid sulphur are not oxidi.s^d m llu arid procr .ss, it is 
necessary to avoid using materials r ontaining percentages of ihise elements m 
greater proportion than ran he ton r.il<-d wiilnnit inttuf< rinp w ith the <lu(lilily 
of the finished prodiu l. 1 funng the process of < •)n\i rsion, fr(»m 7 to v p< r < etil. of 
waste takes jtlarc, wlmh lends toornrease rather than dimmish the amount of 
phosphorus and sulphur in the char;;e. 

'J he prim ipal dillereiKe m tlie arid and basic prorcssrs hrs m llii* fact that 
phosjihorit. pig irons < an he used only in tin: latir r jjrorr ss As phosphrmr, iron 
ores are more ahundanl thr?»ughoul the world llian non-j-husplirirn' irrm ores, the 
basic process lias b( cn of more serxice to countrn s nu< has ( .< rmaiiy and J'lance, 
where the ores crmtain large jicrcentagr s of ph<>sjt}ioru.s. 

'I'he molten jjig non used in thr! .leid as in thr: Imsk roiur rier, is lakrn r ither 
direct from the blast furnare Ir; the converlr.r, or to liie rnix< r lor rleMiljiiiurisa* 
lion, and thence to the convcrtrjr. In sorm* wt>rks the old jnar Ihc r/| remr'llmg 
different brands of pig non m cuj/olas and faking tlx* rur ial lirun the (ui/r>la to 
the converter is still arlopted. In any case the ron\< rtr r is msu.illy heated very 
well with coke fanned with a ^.ntle blast heforr: the- inrjal is jxmrerl into llie 
converter. 

Uses of Acid Bessemer Steel.- .‘^iccl marie from the acid Ikssemer process is 
now used for almost every jiurjxrsc for which ()jx.*n*hcarth steel is employed 
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(see Table XCI, Chapter XXXVI). Prejudice only has set limitations upon the 
process which are gradually being removed. The early experiences with steel 
manufactured in the bess(*mer converter caused much opposition to its liberal use. 
Composition of Charges — 


Charge I. Low Mon^tuirse. 

'rhe following details ‘ of a lieat which, though mad(‘ on N’ovcmber r ^th, 1879, 
at the Hcthlehem Steel Works, U.S A., is in many res[)ccis like an a\erage British 
charge. 'I’he molten pig iron used (ontairied the following : (', V56 cent. ; 
Si, 2\T,f) per emt ; Mn, o 19 |)er (rnt. ; P, 0 089 [>er cent. Several brands of pig 
irons (iiiade in ditlermt blast furnaces from a v.iriety of iron ores in which were 
included hmonite, red and brown hematite, magnetite, and specular) were remedied 
in a cu(K)la to mak(‘ u() the charge f<jr the converter. 'Phe sj)ieg(.i was melted in 
furnaces and added to the charge in the converter. 


Weight (jf charg< — ^ 

Molten metal m ladle 16,000 lbs. 

S('rap (bloom cn<ls, etc ) . . . 800 ,, 

Spiegel ( rb*’,', Mn) . . . j,oocs ,, 

l-'erro-manganese (36"^,, Min . 40 ,, 

'Total ( harg(‘ in converter . . , i8,Sjolhs. 


Weight t)f steel prodiu ed 
Ingot^ 

Castings^ 

Scrap . . . 

Total. . 17,500 Ihs. 


16,7:0 Ihs 
480 ,, 
300 ,, 


T.oss of metal by conversion 7 ii2'*,j. 


Analysis of pig iron 

C 

Si 

* V) 

Mn P 

0 j9 0 089 per cent. 

,, .. sciap 

0 .’6 \ 

0117 

1-2:9 

,, , steel pioduced 

0 M '7 

0 06 

I 175 00897 .. 

Time taken . . 

I’ressure ixt s^iuare incii . 


. 18 minutes. 

:S|. to 23J lbs. 


CEif-o II 

'The following is a typical Ameiican charge as carried out at the Illinois 
Steel Compan)’s W'orks, Cliuago, producing rail stuel — 

^Velght of molten metal charged to converter 21,500 lbs. 

Steel scrap added before the blow . . . 1,000 , 

Steam used lor cooling charge, equivalent to ^ 


* 1 ■ ' » 0 o . , 

steel scrap . . 1 ’ 

Sjdcgel 2,500 ,. 

C Si Mn P S 

Analysis of pig iron 3-10 0 98 0-40 o 10 0 06 f)cr cent 

scrap 0*36 o‘o8 0*97 o’ 10 008 


steel produced 0-45 o'o3S 115 0109 0 059 

' “ Transaclioms American lust, of .Mining Engineers,’’ voL 9, p 259, 
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Time t.iken <> mins. 20 secs. 

Pressure !lts. ]h:i '‘(ju.'ire inch. 

Many iiv'-rr < uul^i he ^i\cn, but there is little \.iricty in them 

except in ilu* eom]‘.)bition ul advliiiuns made, depending in>f)n the ijiuliiy ol the 
steel re^uireti. 


n ('()N\ 1 RTl RS 

f'oiitr.iry to th(‘ j'l.u'liec in lht‘ neid pro* ess, pig non with n low silicon 
content .md Iiil:'! in ]‘h< >sph<>rus is found mnsi suitahh' for llu* h.isie process. 

Silicon, the \.i!iKihle hcnleoing ni:enl in the acid process, is leplaced by 

inangant m projHirtions in the l>asi( iron. A < onsidcrable range in 

the {K r< < nl.^t s u( j hnsplioius and manganese in b.isie irtui is atimissihle, whili' 
the silu^n must he k« pt is low .k possible I’iiosj Jioru irons vary »-onsideraf)ly 
in analv s( s m di!;m( nt t ouim n s, is s^iown in 'I a Me \' 1 1, p 1 

In ( rin.in) , w lit rt inoo steel is inamilai tun d by (lie basic j>ro( e.ss than 
tlstw'u'ie. llie i.,i[i\i lion on s fuourlhe pro<hi< (ion «•( the most suitable pig 
iron lor tie piiV^ss. In hiUain, basi< iron is not so < .isiiy prodin ( d, it I'emg 

necess.uy to miioii lore un in.ingaiu S(’ oris to mix with haighsh oies before thr 

pig iron lan hi 111 1'h sull'.t e ntly Ingh in phosphorus ;uul manganesi’ for the 
oidmarv h.isK j ro< * s^ This puts I >11 (a in at a disadvanlagi* with her (’out mental 
rivals in niakiiu' '-'o ( 1 by tins proi t ss. In Aiiu 1 1< a, tin basu bessemer process 
IS not usi d at ill, the on s Icing unsuitabb' on a< < ount (^1 the insutfieiency of 
piiosphorus cont mu d in tluuu. ^ 

Uses of Basic Bessemer Steel ! yr many years steel piodue<‘d either by the 
Uasie. Ill SSI !iu r or Hasii ( fpen-lu artli pnx'essis did not lind favour in this 
counir) 1 !ie unsuitability ol tlu naliie on s, the itregulanly of the ( omposilion 
of th'* ! 'ig iron jirodiu I (1 tlu rcfroin, and till luu ( ilaiiily of the results obtained 
from liu lurna< es, told against the ailojilion ol l>.isie sti el for bridges, ships, 
railroad', and inovi kinds of siru luial work Ism n alter h.isie opcn-lu artli steel 
was a< <1 pti. (1 by many U'crs and c ngiiu < rs, <iislrusl in the n suits fiom the* basic 
Ik-ssenier relaidi d tlu devi Kipnieiit of tlu latli r llu* v.iriahle results ohtamed 
were ir.nu d iii (he w uit of 1. gul.ir < ontroT ol the phosjjfiorus tiuoughonl the 
pfo<(''S. Iiuproi eineiits in llu; nu ihoiK of tlu\mg hav< made* it jiossihle to 
obtain rnort rt lial)!c sti • !, with the r< suit th.it the nu icase in its mamifai lure has 
been very ( oiisidi. rable during recent )ear,s. 

In (urmaiiy, where the largest amount of basic Ikrssemer steel is made, 
8,0^0,571 riu-tru tons wirtr [irodiv'cd in 1010.’ 

Sti el for all kinds of [airposes, some of wbu h was formerly produced by the 
( rucible prom ss only, is now made regularl) lo tlu* basu 15 - ssi-nii r jinx ess, 'i'be 
following are some of the us< s . Rails, tyres, axK s, boili r and ship jilales, tin 
plates, girders .md all kifids of Ijrulge and stnu lural s(< turns, win, boils, 
locomotive and other kinds of boil< r lubes, rolkd tubes and forgings of every 
descn[»tion. 

Composition of Charges, - rbe rhargi s of the basic bess* mf r r onsisl of 
liquid iron taken from tiic mixer direct to the « onv< rler or from the cupola 
after the pig iron from the blast furnai < has be< n re*mcited .^i e 1 .ible* \TI, 
p. 12, for analyses of various pig irons. According to Wedding, the best pig 
iron for the* basic jjruccss is made at Ibs< de, (jcrinany, and ba.s the following 
analysis : — 

Phosphorus, ^ |>cr cent. ; rrlangancse, over 2 j>cr ( enl. ; silicon, 0*5 [K;r cent. ; 
sulphur, less than 0 i |>cr cent. 

' “ Mineral I 9 i». r 429. 
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Scnp tted is sometimet mixed with the charge of iron, either in the cupola 
during re>meldng) or in the converter while the blow is proceeding. The 
proportion of scrap steel to pig iron rarely exceeds lo to 15 per cent. 

With each charge of pig iron, considerable additions of lime are necessary. 
In the early years of the process the only fluxing agent uled was lime, and at 
a rule it was charged into the converter red-hot before the liquid iron wii 
poured in. During later years, lime was added in varying amounts at diflerent 
stages of the blow, and more recently, lime with oxides of iron in different forms 
and amounts, has been used with success. 

The following charges and analyses give an idea of the raw materials employed 
in, and the products obtained from, basic Bessemer converters. 

(1) The table of charges, analyses, and tests given on p, 188, is prepared from 
the results of some of the earliest work done in basic-lincd converters at 
Witkowiu, in Austria.^ 

(a) At Tepliti, in Bohemia, charges of the following compositions were 

used;— * 

• 

Pig iron ... 6*5 tons. 

Lime , . . . 1870 lbs., added before the iron. 

Steel #crap . . 800 to 1600 lbs., added during the blow. 

To the blown metal was added physics given in the following tabic against the 
grade of steel named : — 


TABLE LX 


Physics added to (.’haikik* at Tiri.ift 


rhy.ict Mi 4 «d. P«ro«t>iage of wvight of cbdtg#. 


KbkJ of attcl 


SoActl grades of mild steel . 
Rail sleet .... 

Stael castings 



Mn. 

Fctro'tnAii|an*iff,7i>% Mn j 



05% 

3% 

• 

03% 


Wlilf# iroo. 



The physics are added red-hot and solid, Spiegel and white iron to the 
converter, and ferro-manganese to the ladle. 

(3) Charges where lime is added in two operations. 

At several German works a mt>dificaiion of the ordinary method of adding 
all the lime at the commencement of the blow was used witli great success for 
many years. In 1886, Professor C. Scheiblcr* introduced it at Horde, Kiihrort, 
and Meiderich in Westphalia. At the Phoenix Works, the lime used for a la-ton 
charge was reduced from 10 ton to 1*28 ton, or nearly 33 [>cr cent. lcs.s than the 
amount formerly used. The total lime used is addeid in two [)oriion5, } before 
charging the metal (the slag formed being poured off after blowing 3 to 4 minutes) 
and the rest of the lime added during the after-blow. 

From the 12-ton charge of metal used at the Phoenix Works, when the whole 
of the lime was added at one time, the average weiglP of slag produced i)cr ro*a 
tow of ingots was 27 tons, containing 15 percent of phosphoric acid, the slag 
bc^ valued at per ton. By adding the lime in two portions, the toUl 
weight of slag is reduced, but its value is increased. 

* " T^rasl Iron xod Steel Institute," 1881, 1 1 , p. 397« 

* “SlAhl and Eisen,*’ 1894, p. 1097. 
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'ITic following analyses of the ist and 2nd slags, \>ith their \alues, are 
interesting ; — 


TAin K I XI 

Anmy'^fs «>h Si o.s, t’lio.six Works 



' (.iMxi.tit) , 1' 1 1 ■' < ) tat 

i... j , , 

.M r. 


72 s 2 ? ;v 5 '7 V’ 

0 m 6 t 


I 4<>5 i<> (><} 511 47 I 'l 

502 liJ2t) 

'lul.tl . . 

2 i(ji> , 



'I'lu; saving |)er ton of ingots is summed up thus - 


I, ime saved, 0051 Ion in per Ion . . . . 

Diminished wast(‘, o'oo pS ion ce Ooj ton 3 jo 

Impro\ed value of slag . . • • 7 

Total per ton of ingots . .1771 


\ line 


I’o 1 n ] >,!al 
i r U 

n - 1 s t 
22 I 12 3 


] O It 


peih'e 


(4) 'I'he folloNMUg eliarg«' and anal)s(.jof steel ['rodiK sd at the Kladno Works, 
Hohemia, are givui l>) \Ii (' Slot kl' . 


I’lg iron t(jns. 

Scrap 1 ujn. 

Additions to ronvert(‘r . . Ferio-manganes.- (So'’, Ain) . 00 it) i ^0 lbs 
Additions to ladle . Spiegel (io"„ M n) . . 290 11 s. 


'rhe amount of limt‘ iistd is not guen by Mr Sunkl, but \\t tiding gi\(.s the 
following for a 6-ton ( liargt' at the Kladno Wtirks, ; c. 2000 lbs. of lnuc mixed 
with 300 to 360 lbs. of ct).d. 

'I'he steel produced from five siiccessue charges gi\e the following j)er' 
cenlage anal)ses . 


C ubuii 

M \llg IIK ■'l, * 

rhi'tplhirus 

0 07 

0 iu7 

0 047 

0 08 

0217 

0 0^7 

o‘o8 

O' 1 26 

, 0023 

0-07 

0'229 

0051 

o’o8 

014.? 

0 01 S 


(s) High silicon {)hosphoric pig iron charges. 

As the result of suggt stions frt^m Dr. O. Massenez of Wiesbaden, regarding 
the use of ordinar) ( leveUnd pig irt)n in the basic converkr, Mr Arthur 
Windsor Ricitards * 'made sevcial tri.ds at the works of Messrs liolckow, 
Vaughan and Co, Ltd, which met with suc( ess, and pro\ed that Cleveland 
grey pig iron could he used cconomicall) . 'The iron contained — 

* •' Iron .mil Mixl hutUulc,'’ IS90, I. ;> 32J. 

* //tj./ , l‘K>7, I, I'. loO, 
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Silicon 1 5 U) 3 

Mangancsr ... . 0-5 075 

Phosplunus . . i , I 55 “o 

Sulphur . . . . ^-^'1 . o Of) 

Instead of placing large qii.intuics v^f lime m llu «otnericr hetpro the metal 
was charged, as is the usu.d practice when lugli manganese basic iron is used, 
iron ojiides mixed vsjth a small pcrctnt.ige of lime were siihstituled. Hy this 
means a suthcientlv tlm<! slag w.is formed in the Inst pari ol llh‘ Mow hy the 
oxidation of the silicon which could be poured oti as soon as the caibon llame 
apj>earcd. I’he composition of the first slag was - 

Iron, 3 ; silica. ^5 to 45 , pliosphoius, mi. 

’1‘he final slag ga\e the following analy.si.s 

Iron, 8 to li pe r cent . p}u)splu)ric a* ui, i j le> 2^) j)er < cni. («;«; (o 100 jkt 
cent, soluble in 10 \^i cent solution ol nine acul ufwatn), silx a, it to la per 
Cent. • 

Mr. Kiciianls st.itcs that enoimoiis (cononms h.ul b< <11 cMn ted during the 
eighteen months lx* h.id 10- d his prof < ss at .Missis. ItoK ktrw, \ .lughan \ ( \)., 
I, id 1 lx loss ditnng tlx‘ Mow a\n.ig(d n'l jn-r (‘ml I he non ore use<l as 
oxide >ieKlcd lu .irly all its iron to the < harge ol st< cl. 

U hile ^lr Rx h.irds loutxl high sihc(.)n plxisphoix hasx non suiiahic when 
used in llu basu loinnUr a.s dtwnlx-il, Dr Arthur Doopei ' of tlie North- 
I'iastern Soel i'koiks did not nxel with the same six < ess ^ 

(U) Hrxputli's ol iron o\ide.s ui < harges (Diuhlange prort ss) 

Mr J. Mohr,* at Duedclmgcr W'orks, mtiodixcd wuh miccxs.s the nso of 
briijiK'tles ( omi>)sed of null sc.de .ui€ oilier iron oxidis imxtil with slaked 
lirne, which when (iressed and allowed to stand lor a few da)s gave- ihe following 


aiulvsis. - 

Iron shot . . . i e 6 

Iron o\id(‘ . ^1 I 

b errous oxide j j ; 

lame . <; 8<; 

I b-( ) . . , • • j |C, 

(’O: . . of.8 


I liesc brxjueltes arc used in the place* of seiapand hmc and other devices 
for cooling tile eliarge during the lelow Scuaj) and him: thus c mjdoyc d, not 
only cool the charge, hut reduce the phosphoric ac id in the slag when an exccs.s 
of lime IS jireserU 

Dsing jag iron contammg — 1 \ 2 o j>er cent. ; Mn, r ^ jx r < c nt , Si, <v5 pc r 
cent., about percent, cd lime i.s usually found sufficient to ensure: a good 
dcphosjjhorisation, and this is cliarged into the converter be fore the ircm, iii llu* 
ordurary manner, • 

The luiquettes, which weigh about 7.^ to 8 lbs each, .ne tlnc/wn info the 
converter tcawards the end cjf the decarhunsnig perioel, and h.i^c a jMcwcrIul 
effect m reducing the time taken during the after-blow to cjeplio.sjihmise the 
charge. It is stated liiat only a few’ scccmds are reepnr* d tf> comjJele the 
operation. 

Dr. (ioeren, giving an account of tlx: Mohr improve me nls, shows that a great 
saving is effected by tlie use of the briquette s. 

(7). Charges will) pig iron liaving low pc-rc cniagc*s o) silicon and manganese. 

' “ I'/urnvl Ir>>r» an<l ^icd I, ;• 109. 

* “ Icofi Age, 81, {) 



ig2 


LIQUID STEEL 


lielow are given two charges iij)on which itnestigations were made by 
Messrs. F. Wust and L. La\al, which show the variations in the amounts of 


materials iisciJ. 

! ('har^e 2. 

Pig iron . . . 2 J,o9^!1)s, ' Pig iron 23,721 lbs. 

Lime. . . 2<^3 I>iine . . . 3880 „ 

Ferro-rnanganesf ( 76 7 %) ! Ferro manganese (76 7 132 

Feiro-silu on ( t-H 3 . . It 1 Ferro-sihc<.>n (483 . . ml 

Scrap. . . . ml ; Scrap 617 ,, 

•Sl'iegel . . . 151? M I Spiegel ml 


Additions to the Blown Metal. -As the m< tal m the basic converter is 
brought to the sam<- <'')nstitution at the termination of the blow as the metal 
blown in the a( id lined bintom-blow 11 converter, the amount and character of 
the physic additions neca >.sary to produce any desired st( el are the same in both 
proctssc',. As A rule, only ‘traces ot carbon and manganese, and no silicon, are 
lound in the blown metal, while sulphur* .ind phos[)horus are reduced to o 03 
to o’oO pel C( lit. and 005 to o’o8 {)Lr ( eni k ^peclively, a( coidmg to the (piahly 
of the basic iron u >ed in the ( hargt . 

'I'lie materials umoI (or both mdd and hanUr carb m steel ingots are S[)iegel 
and feno m ing.ine->e. 'I'lmse .ire .idded to the blown metal in tire converter in 
the solid form, puwioiisly heat'd as m the acid proco-^s It is found that the 
action is not so vi<>hntwlKn the spe g( 1 is added solid as when melted, the 
former m thod is tiierefort^ g< nerally adtipted biic terio-mang.inese is also 
heatul and added to tlie ladle while the contents ol tiie converter are poured 
therein * 

Loss of Material during the Blow.-*-'rins dep inls upon the (pi.ility of the 
basK iron, lime, and other Iluxmg .igenls, and the duration and condition of the 
blow. In basic pig iron the (Mrh.m is mostly found in the combmetl slate, and 
IS less than in tlie non-hasK' pig iron. It does not often ( \ce< d 35 [)er cent., 
and is usually about 3 per cent d .ikmg the carbon at 3 ^ per cuU , and assum- 
ing the analysis ot the hasie im tal in theconveiter hcfoie bl owing to be as given 
below, the loss in removing the metalloids is — 

Cai 1)011 . ^ 5 % 

Silicon . . 5 ^h) 

Mangane.se . 2 o 'g. 

Phosphorus . 2 5 g, 

d otal _ . . . 8 5 ‘gg 

During the removal of these elements, there are other losses due to the oxida- 
tion ol the non in the slag formation and in the ejection ot iron, which amount 
to trom to 5 ])ei cent, of the weight of tlie charge d'he total loss is there- 
fore about 13 to 14 pei cent, —in g<meral practice the loss is round to vary from 
13 to iS pel cent. .\s against this loss theie is the gam fioin tlie phosphoric 
slags, which are sold tor agiicullural purposes. 
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MODI-h'X h'OfJ'iKM/!/ /.’/XsA' 1/A A* /’/ t\/’ /Oh’ 

v//a;a /t'rA/>A7/-.v 

I’Ol'K J*U>N C^ONVI KTI K f I.AN r 

Oeneril DffCription 'I he bottom blown j-Unt jllusltateil in l if<. 07 

of a two ton < on\ut» r j<lant by duplKMliii^; llie nIiowii, (our converters 

can be Arranged m on< line. 

The cojjvetter ves^^els arc moun!e<i on jK-<lest.ds \\itl\ r('lK r beniinK*'. ‘‘nd arc 
ItjijK-d ( !tiu r by an i !e< trie motor ihtoui^h Mniable marinj^’, or by hand , m fact 
both cltcirn and hami dtives ate u'^td ( \s an alt* rnalive, h)<lra»jh(’ tippin}' 
gear IS 'voinetiincs prou<i«d.) 1 lie < ontrolicts for opi rating lh<- vessels are 
suitably (tlaerd in Ironl ol the converters, so ih.il the operalot may 1 m\c the 
vessels all vkithm \ leis. • 

Amngement of Converters I he^ omerters .irt* plar < <1 m <>ni- line m front 
of the cupola staging, from wIikIj the hot metal is snj»pli<d to tic m aln r being 
weiglied. l^adi jiair of eonv( rlcrs is touphd witli a <entral blast pipe* from the 
blowing ingiie. A (cntral valve is pla<<‘d bawMii them to admit air to cither 
of them as desired, and the !)last is < arm d to tin- tii\< re bottom in the ordinary 
way. '1 he blast pij>es are tilted with non n turn llap valves and stoj) valves. 

Blowing Engine. (>nl> one blowing < ngine is r<(juir«d lor (he four < on- 
verlers, as the rate of blowing is mmhlasttr Uian m lh«- surra< < -blown plant and 
there 'S not the same necessity lor both vessels to he in operation at ih'- same 
lime. It will he observed that with this jilant, a blowing (n|.'ine is u.scd mste.id 
of a high pressure blower, as the pre'^sure is so much lugiicr p< r scpiare im h than 
with the surfacc ldi’)wn plants. In the following cost, a steam drivui Irlowing 
engine has been included, although sti am, gas, or ehclmally driven ijlowmg 
engines mav be used. (.See ( hajfter XVI for dt sc njitions ol various types of 
Converter blowing I-aigines.) J.ow pressure Roots' blowc r,s ate emplo)ed for 
the cupola.s. 

CtDtpol&i. Four cujKjla-, are arranged on the staging, togethi r with weighing 
ladle and ap[»liances, all of^whir.li are similar in design and cap.cfity to itiose 
used in the surface-blown plant dcsrrilic'd m t lujcter XX,exMpi the weighing 
Udlc, which is made to lip, instead of being tapi^ed. 

Oparition of the Plant 'lias is similar in every respect to the surface- 
blown plant, except in the method of charging the i onvi rte rs, and in thr rale of 
blowing. As the tuyeres arc in the hoitom of the v<"ss» 1, the- hot me-tal must be 
poured into it while it is lying in a hori/omal }K>vition. .Mtcr ll)'* mcUil i.s 
weighed^ It is poured into the* converter from the* ladle , and while the (onvc-rlcr 
U biing turned into the vertical {xjsition tlic blast is applieel, and the o|H;ration 
of blowing commcncc*d forthwith. Fhe progress of the blow (litters only from 
thatch the surface-blown plant in the rate of oxidation of carbon, silicon, and 
manganese, and is more rapid under the higlicr pressure of air passing ilirougli 
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ihf Ixxly of thr rnriai The titne usuall) t.ik< ii to (•xiipht* a Mow is from to 
to JO riiinutt s. 

Output and Cost of Plant. Iiic<'o-,t of su-* 1 is has(il upon a inaxiinum 
average t»utput from the Jihint working lohiHirspct <lav. Iwo m'siIs are in 
constant iis( , one Inllowing lh<* other, t <’ whiK om i ^ 1m mg < haigrd (hr (glirr is 
being “ hlow n ' 1 he blast is tin r« Ion' <hangMl lomi om- to thf (/(Ik r alter- 

nalely. NShile two \css(ls arc in use, th<- idle <ui' s are Ik mg. o paiod for use 
the following day .Mlowing 20 to minutes for la'ii Inai, it would he jxjs- 
siblc, with fontmuous working and no mi.haj*, to obtain luals ftfuii the two 
converters r day 

7he following il( riis arc inrluded in the cost of y,ii,ooo, which rov( ta 
approximately ilic whole installation ; - 

Four 2 -lon con\erl<rs, ryoimtul on jadist.ils, < arh arranged witli lij'j>ing 
gear 0{xrated by dec trie motor, and with hand gear, tog( (Ik r w-ili (he 
necessary electric conlrcdlcrs and switdies. Is.u h r(;n\(.fter to have the 
air earned through one trunnion to tlie blast b<M on the h(;lt(mi of 
the vessel. 

Four cupolas of the same cnpaeily and with the same arresscnies for raj/id 
melting as those used with the surfaceddown plant. 

dne fugh-pr( ssure, steam-driven Irlowmg engine, to supi ly the necessary 
blast to the converters, together with all piping, vai\<s, and gauges. 

Two steam boilers and necessary accessories h-r ''Up}/l):ng Mr arn to blowing 
engine*. 

Two low-pressure Roots’ iilowers, <ach coujiled dire-a through gearing to an 
electric motor mounted on an extension of the l/cd plate of the blower, 
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for supplying the blast required for the cupolas. Each to work inde- 
pendently. 

One electrically - driven lift, with motor and gearing, controllers, etc., 
complete. 

One weighbridge, with the latest improvements for weighing the materials. 

One weighing machine, for weighing charge from cupolas. 

One ladle and carriage, with motor and gear for operating them to and from 
the cupolas, weighing machine, and converters. 

One high-speed jib crane, for operating in front of the ladle pits. 

Two overhead cranes, for serving the foundry with molten steel. 

All structural steel work, including stagings for cupolas and suitable roofing. 

Four hoods and chimneys for converters. 

One coke-fired crucible melting furnace, with three 4-pot melting holes for 
melting additions to charge. 

One small cupola fon melting additions, with necessaiy pipe connections 
from the blast mains of the larger cupolas. 

One small furnace for heating ferro-alloys when added to charge in the solid 
state. 

One set of ladles, including two lo-ton ladles and six 3-ton ladles. 

Blower house, with the necessary switchboard equipment for the complete 
plant. 

All wiring, switches, starters, and electrical accessories complete. 

All blast pipes, spouts, chutes, slag and coke pans, tij^ping tiucks, tools, etc. 

All brickwork, concrete foundations, pits, linings for converters, cupolas, and 
ladles. 

The whole plant erected complete and set to work. 

It is assumed that the electrical power for the motors is supplied to the 
switchboard from an outside source, the cost of which is not included in the 
above figures. 

Half the value of the two overhead cranes is included in the above cost. 

Allowing a depreciation of 10 per cent, on the complete steel plant, 5 per 
cent, on the buildings, and 2^^ per cent, on the foundations, the annual charge 


for depreciation is : — 

@ TO % .... ^800 

/'looo (aj s . . • . y, so 

£2000 @ 2?, % £ so 

Total .... fyoo 


Interest on capital = 5 of y^i 1,000 = y^55o 
annual charge for interest and depreciation = ^^1450 

With an annual output of 15,000 tons of steel in the ladle, the charge for 
depreciation and interest per ton of liquid steel 
_ 1450 X 20 
15,000 


IS, lid. 


Working Co sis {per Ton of Liquid Steel for Carbon Steel Castings) 

Cost of Repairs and Stores. — This cost includes all labour and materials 
spent in the repair of converter bodies and bottoms, cupolas, crucible furnace, 
ladles, boiler, and general repairs about the plant. It also includes the various 
stores used. " 

The average cost of repairs and stores taken over a period of twelve months, 
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Cost of Fuel. — As the materials melted in the cupola are the same as those 
used in the surface-blown plant, the quantity of coke consumed in the cupolas is 
the same per ten of material melted. ICqual amounts of coke are used in heat- 
ing the converters and in melting jdiysic in both plants. The total averages 
3i cwts. per ton of luiuul steel in the ladle. 'I aking coke at 22s. 6 L, per ton, 
the cost of fuel ])er ton of liquid steel — 1 \ \ii. 

Coat of Labour. — All men employed in w 01 king the jtlant are included in 
this cost except the labour already included under “ repairs.” The men required 
are : — 


I'our converter men. 

Two cupola attendants. 

Two cupola chargers. 

Ihght cupola charge wheelers. 

One man in charge of blowing engine, bloweis, etc. 

One man in charge of [ihysic cupola. * 

One man at boiler. ♦ 

Two men at ( riK ible furnace. 

Five men patching, repairing, and operating ladles. 

One man at jib-crane and part wages ot two men on overlu’ad eianes. 
One foreman “ blower.” 


'I'olal wages for one \\e(‘k ^,'56 lor. 

Steel iiroduced in ladle in one week . . . jjo tons 


/. cost per ton of liquid steel = ^ ^ ^ — 30 6 b/. 

320 ^ 


Adding 50 per cent, as j\ait expensed of chemist and management ~ u'. 9^/. 
per ton— 

the total cost of labour per ton of lupiid steel = 50 3 b/. 

Cost of Power. - d'he cost of power includes steam used in blowing engine 
and jib crane, electric [lower for ciqiola blowers, Iqiping converter.s, lift, and 
half-current consumctl by overhead cranes. 

Electric power for one week = ,|8oo units = 15 units jier ton. 


• s, 

With current at \(f. per unit, cost of electric power per ton =0 7J 
Cost of steam power per ton .... =: i 1 1 


d’otal cost of power [ler ton of h([uid steel . — 2 7 

Raw Materials. — Taking the same weights and {irices of raw matciials as 
used in the surface-blown bessemcr plant, the total cost of raw materials for one 
week = .£1177 i8i-. j\(i. 

.'. W'lth a weekly output of 320 tons of li([uid .steel, the price of raw materials 

- £?> 13^- per ton. 

Summary of Costs 

Cost of plant ^11,000. 

£ s, <L 

Depreciation and interest ... o i 1 1 


Repairs and stores .... .046 

Fuel 0311', 

Labour + 50 lor management o 5 3^^ 

Power • 027 

Raw materials 31^8 


Total cost per ton of liquid steel . . . 1 1 1 1 
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The cost per ton of liquid steel in the surface-blown plant of the same 
capacity, melting and converting the same raw materials, is 9^. as 

against ^4 iii-. i\d. above. This increase, it will be observed, is due to 
higher cost of repairs, labour, and power. With vessels of larger capacity, this 
cost would be correspondingly reduced. 


Two 2-Ton Converter Plant 

In a two 2-ton converter plant, as shown in Fig. 97, two cupolas are used 
instead of four. The staging and other structural work are also reduced 
accordingly. One overhead crane serves the plant instead of two. In other 
respects the equipment is about the same size. This means that the cost for a 
two-vessel plant is considerably over half that of a four-vessel plant. There is, 
however, a slight compensation in the output, which can be increased in the 
ordinary working day of 10 hours from 14 to 18 heats from one converter. 
Calculating, how'ever, upon the former basis of output, the following is the cost 
of one ton of liquid steel in the ladle. 

Summary of Costs 


Capacity of plant, 160 tons per week. 

Cost of plant, ;^8ooo. 

C s. d. 

Depreciation and intere . . 024^ 

Repairs and' stores . . 048 

Fuel •*.......046 

Labour + 50 % for management . • . ..069 

Power ... ...•029 

Raw materials ■ 3 ^ 

Total cost per ton of liquid steel . . . . ^4 14 8| 



CHAPTER XX 

MODERX 2-TQN SURFACE-IfLOWX COXVERTER RI.AXT FOR 
STEEL EOUXDRIES^ 

• 

General Description. — In Plate V are shown the plan and elevations of a 
modern surface-blown converter plant consistin^^ of four converters, each of two 
tons capacity, nuJftnted on pedestals with roller hearings, ICacli vessel is under 
direct and separate control, having fixed to one of its trunnions a worm-wheel 
geared with motor to give the desired rate of turning. Fig. 98 is a photo- 
graph of a modern converter with turning gear, etc., ( omplete. By means of 
a slip coupling, the motor can be disconnected and the converter operated 
by a hand-wheel. 'The electric controllers for the motors aie arranged in a 
small operating house within sight of all the conveilc^s, and can be mani- 
pulated at will by the man in charge In cases where electric power is not 
available, the converters may be operated hydraulically, as shown in Fig. 99. 
With this arrangement one of the converter trunnions is fitted with a sprocket 
pinion, over which fits a link chain, the ends of the chain being secured to 
hydraulic rams. 

Arrangement of the Converters. — The converters are connected in pairs by 
a central blast pipe from the blowers. Between each pair of converters the air 
enters the trunnions to the blast boxes, and a two-way valve is fitted so that the 
air is only admitted to one vessel at a time. *tf the two vessels are in operation 
during the same day, working alternately for instance, the valve is reversed after 
each blow. There are three other valves on each blast {>ipc connecting the 
converters with the blowers. One is called the non-return fiap valve, which 
prevents the return of explosive gases along the pipe to the blower while the 
latter is not working, the second is for the admission of air to the converter and 
is controlled from the operating-house by the man in charge of the plant, \^hile 
the third is a safety valve for relieving the pressure in the air pipes should any 
obstruction arise. The second valve referred to may be omitted and the blast 
controlled from the valve flaced in between each pair of converters, but this 
necessitates a differently constructed valve from the two-way valve referred to 
above, and the method of operating it is somewhat modified. 'Fhe blast pipes 
from each blower to each pair of converters may be coupled together and fitted 
with suitable stop valves, so that should one of the blowers fail the other could 
be brought into operation. Further, these pipes may also be coupled to the 
pipes connecting the cupola blowers with the cupolas with the .same object. 

Suspended over each converter is a hood with chimney, which passes through 
the roof of the building in order to carry away the obnoxious fumes during the 
operation of blowing. 

Blowers. — The blowers are independent of each other, and each is directly 
coupled to a motor through suitable gearing which runs in an oil-bath. Fig. 100 



''"i *■''<" '-f-' /">■’ 

. ' '^^ . ’' 'jS! 

ito^ates one of these blowers, which are ukd for the converters and thfe cnpolfUk 
are all grouped together in the blower house and are under the control Of 
an attendant, ^^'ho is in bell communication with the operator of the plant. 



Pressure gauges for recording the air pressure are fixed in the blower house and ^ 
in the operating house. ' ^ 

Cupolas. — Raised above the floor-level and arranged in suitable positions ; 
upon the staging, are the four cupolas which serve the converters with molti^ 



\Tofacep, 2oo. 





ineUL They are each of special design .and of such capacity as to supply a full 
charge at one ta^ung^ Fig. loi gives two views of a typical cupola. The pig 




Fig. 99. Hydraulic Tipping Gear for Small Convcrtcri, 


kon and scrap, together with the limestone, fluorspar, and coke used in the 
melting process, are elevated to the charging stage by means of electric lifts 



Fig. ioo. High^esnire Motor-driven Roots’ Blower for Converter. 


which are used for the four cup 
^adie (which holds a full charge) 


olas. The iron when melted is tapped into a 
resting on a weighing-machine and the contentt - 
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weighed, after which the ladle is tapped and the metal conveyed by a swinging 
spout into the converter. 

Ladle Pit. — In front of each converter is a ladle pit, at the ends of which a 



broad-gauge rail track may be laid to admit of a travelling jib crane serving each 
of the vessels. Overhead craneS are also us^d in conjunction with the jib 
travelling crane. 

Crucible Furnace and Physio Cupola.— At one side of the Bessemer plant 
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there is arranged a set of pot holes for melting the alloys used in physicking 
the steel. A small physic cupola is also emp’oyed for melting necessary 
additions. 

Stock Yard. — Behind the Bessemer plant, the pig iron and scrap, together 
with the coke and other raw materials, arc suitably placed to allow of easy 
removal. From the railway sidings the trucks are taken into the works, bringing 
the materials alongside the bins and stacks where delivery is required. 'Hie 
handling of the raw materials in the stock yard is therefore reduced to a 
minimum. 


Operation of the Plant 

When working the' four vessels to their full capacity on the most economical 
lines, two converters only are. in re^lar operation daily, the ist and 3rd and 
the 2nd and 4th, each pair every alternate day. 'They can, of course, be 
worked with the 2nd and 3rd vessels blowing at the same time, but the former 
arrangement is n!ore convenient for pouring and working round the ladle pits. 
If a heavy casting is being made, say up to 20 tons weigiit, the four vessels can 
be used during the same day. While two heats are being blown, charges of 
molten metal can be tapped into the other two vessels not in operation, so that 
immediately the first two heats are finished the blast can be turned into the other 
pair of vessels, d’his permits of an accumulation of hot steel in a very short 
time without much “skulling” in the ladles. It is not advisable to run the four 
vessels in this manner all day long, as%they cannot cool sufficiently to admit of 
their being patched during the night ready for use the next day. T'he same 
applies to the cupolas ; they are worked most economically when used in alternate 
pairs, allowing due time for patching. 

Weighing Raw Materials. — The raw materials consist of pig iron, scrap, 
coke, limestone, fluorspar, etc., in their respective proportions, which are placed 
by the yard men in small tipping waggons, and from thence run to the weigh- 
bridge in front of each lift. The weight of each kind of material is recorded on 
the charge sheet before the truck is run on to the lift for elevation to the staging 
above. Workmen become expert in loading charges quickly, and can judge to 
within a few pounds what amount to put on the truck for the charge. This saves 
much adjustment at the weighing machine. One man is made responsible for 
the accuracy of the charge and for the order in which the different materials are 
sent to the charging stage. 

Melting in the Cupola. — Before the charges are placed in the cupola, the 
lining is raised to a very high temperature ; the lighting up takes place two or 
three hours before the melted charge i.s required. After the patching has been 
done and the bottom made, ‘a wood fire is lighted inside the cupola, and coke is 
added until a deep bed of incandescent coke is formed. When the fettling door 
and the tap hole have been prepared and closed, the charges are added and the 
blast turned on. The melt proceeds in the usual manner as in ordinary foundry 
practice. The regulation of the blast is under the direction of the cupola 
attendant, who controls the melt according to the requirements of the man who 
operates the converters. 

Weighing the Liquid Iron. — -The molten metal is tapped from the cupola 
into a ladle of special construction lined with firebrick, having a tap hole at the 
bottom through the side nearest the converters. A spout is attached to the ladle 
to convey the metal into a swinging spout which serves each pair of converters. 
An empty ladle rests on a weighing machine opposite each swinging spout 
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and the weight of the molten charge is recorded before it is tapped into the 
converter. Fig. 102 shows the arrangement adopted. Before tapping the first 
charge into the ladle, the latter is heated with a gas or oil jet under air pressure, 
or with an ordinary wood and coal fire assisted by an air jet. 

After the contents of the ladle have been tapped into the converter, the tap 
hole in the Ikdlc is made good ready for the next charge. After tapping and 
recording the weight of the first heat each day, the cupola attendant is able to 
judge, within narrow limits, how much to tap from the cupola into the ladle, 
without necessarily weighing the contents each time. 'I'his is important, as the 
scouring action of the blast in the cupola enlarges its capacity during a day’s 
melt. The slag line on the ladle is a good guide, and with other indications 



which arc gained from experience, the attendant can close the tap hole of the 
cupola immediately he has drawn sufficient. • 

Preparing the Converter for the Charge.— Silica-bricked vessels are care- 
fully lined with very high grade silica blocks moulded to suit the form of the 
inside of the converter. The tuyeres are also made of the same material, and 
arc, with the blocks and other bricks, closely jointed together with the best 
silica cement. When newly lined, the vessel is left to dry a day or two with the 
blast box open to allow a current of air to pass through to dry the cement. A 
wood fire is then lighted and the process of heating is proceeded with slowly. 
The heat is gradually increased with additions of coke, through which a gentle 
blast of air is passed from the blower until the lining becomes thoroughly 
heated throughout. Such precaution saves considerable trouble and expense. 
Liberal allowances are always made for the expansion of the vessel, to prevent 
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damage. With tlie lining at a bright red heat the vessel is ready to recei\(‘ the 
charge. 

With one day’s work, the lining may suher nuieh derormation, making 
patching more or less a daily necessity, (.'arefiil patching prolongs the lil'e of 

the lining and tuyeres, 'i'his is found in most types of furhaces, but it is veiy 

remarkable to find some 2-ton vessels producing only 40 heats Irefore a new 

set of tuyeres is necessary, while others will endure 200 lieats. Many things 

contribute to the durability of linings, not the least being the skill dis|)layed 
in doing the daily repairs. Tiie converter must, of course, be heated each day 
before the charge is run into it. It is found that a lining lasts longest when the 
vessel is used eveiy alternate day, thus allowing due time for cooling and 
patching. 

Setting the Converter when Charged.— 'I'he vertical axis of the converter 
is set at an angle to the vertical wlw'n ninning the metal into the vessel as shown 
in rig. log <7, so that the tuyeres are well clear of tlu^ molten metal when the full 
charge is in the converter. 'I'o set the vessel in the position suitable for blowing, 
the plugs in iIk' blast box (foor are removed and tin* surface of the metal 
examined through the plug holes and along the tuyeies. By the lielp of a small 



Fio 103 — a I’o ition of Convertor ulion leceiving cliarj^e 

e. I’o'ilion of Converter when leady for blowin;; Inclinnlion of tuyeres to 
honz"nt.il, 10 ' to 20 . 


lod of iron or steel, the exact level and position of tlui metal is readily 
ascertained. 'Fhe converter is giadually brought into piisition until its vertical 
axis is from 10 to 20 degrees out of the perjiendicular, as shown in Fig. 103^. 
If the level of the metal in the bath is at tlie bottom of the tuyere holes wlien at 
the inclination stated al)ov( 5 , the plugs are replaced in the blast box door and 
blowing IS proceeded with. A chalk mark is sometimes placed on the trunnion 
and pedestal, or the position may he indicated by means of a pointer and dial, 
after each charge is “ set.” The converter can, therefore, lie l)rought round 
to the same position any time during the operation, when it be found necessary 
to turn the vessel dow'ii. 

Progress of the Blow. — The conduct uf the blowing o[)cration demands 
ordinary common sense coupled with a knowledge of what is indicated by the 
varying colour and length of the flame- whicli issius from the vessel during the 
oxidation of the principal elements, silicon, manganese and carbon. Practice 
makes an intelligent operator skilled in observing the reactions which take place. 
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The first thing aimed at is getting the gases lighted, or what is commonly called 
the “ light.” Before this takes place the graphitic carbon in the metal is con- 
verted into combined carbon, and some of the iron becomes oxidised and passes 
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Time in miniLtcS 

FlO. 104. — Rate of Oxidation of Carbon, Silicon, and Mangane'^e during blow. 
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Tim.e in minictes 

Fig. 105, — Rate of Oxidation of Carbon, Silicon, and Manganese during blow, 
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off in dense brown fumes. If the metal is very hot it may only take one or two 
minutes to get the light ” even in the first heat, w hen the vessel is always at a 
low'er temperature than in subsequent heats, hut if the metal is dull it may be 
several minutes before the gases ignite properly. We have known it to take 30 
minutes, but this is a very exceptional case. 

The subsequent stages are, as a rule, quite regular ; the flame becomes hotter 
and longer and changes in colour and intensity, showing the ])assing of the 
silicon, manganese and carbon. The flame towards the end of the process is so 



Fig. 106.— Chart for recording Air Pressure during Blow. 14 Idows are indicaicd. 


luminous that the naked eye cannot bear to look at it; blue glas.ses are therefore 
usually worn during the observation. 

When the carbon has been almost completely burned to CO and ('O2, the 
flame suddenly drops, which indicates at once that the carbon is reduced as 
much as possible, and the material is now ready to be made into steel of th^ 
degree of quality desired, as far as additions of carbon, silicon, manganese and 
other alloys will do this. Tigs. 104 and 105 show curves of the time taken to 
eliminate the various constituents from the metal. These indicate rapid blows 
for surface-blown plants. 





Blauier Cupola Blourr 
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Duration of the Blow.~The time taken to convert a 2-ton charge of hot 
metal into steel varies considerably according to certain conditions, which 
include among others : — 

1. 1 he richness of the pig iron and scrap mixture in carbon, silicon and 
manganese. 

2. The temperature of the molten metal at the commencement of the blow. 



Fig. io8.— 2-ton Converter Plant, Ladle in position to receive finished cliarge, 

3. The condition of the lining of vessel and tuyeres. 

4. The regulation of the blast pressure, 

5. The skill of the operator. 

The time and pressure are automatically recorded on charts which show a 
day’s heats. This is most useful for checking one heat with another. Fig. 106 
shows the chart commonly used, and gives the'progress of heats. The recording 
instrument and pressure gauge are placed on the wall of the room, where the 
operating valves and controllers are all within reach and under the direction of 
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tlie man in charge of the blowing. The time taken to complete a blow' vaties 
from 15 to 40 minutes, and may be even longer if the tuyer('s arc troublesome 
during the ojieration. 
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are made from the blown metal, the ferro-alloys are usually melted in crucibles 
and poured from them into the ladle waiting to receive the charge from the con- 
verter vessel. 'Fhc cupola is sometimes used for melting these “finals,” and 
serves the purpose quite satisfactorily when pig iron for recarburising is required, 
but for melting the' ferro-alloys the oxidation losses do not warrant its use in the 
ordinary form. 



It is not an uncommon practice to recarburise the charge when mild steel is 
required by throwing lumps of cold pig iron, previously dipped in water, into 
the bath of liquid steel. This practice is usually accompanied by a loud report 
and the ejection of slag from the converter. 

After jdiysicking the charge with solids, a mixing bar is used to stir the 
material. The converter vessel is also rocked up and down with the same object. 


Fig. no. — Plan of Part of the Scullin-Callagher Iron and Steel Co.’i) Steel Foundry, St. Louis, U.S.A., 

showing Converter Plant. 




oundrj (shouirg Converter M; 
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Pouring. — The pouring is controlled from the operating house by the 
“ blower,” wlio can see the converter and ladle while regulating the rate of flow 
of the steel. When the whole charge is taken into one ladle, the latter is 
suspended from a Pcnison or other suspended weighing machine which hangs 
from the overhead or travelling jib crane. The weight is taken before and after 
pouring the steel into the ladle, and the amount recorded. 

When the charge is poured from the converter in small ladles or shanks, the 
electric motor is uncoupled and the hand turning gear brought into operation. 
A nose brick is placed m the mouth of the converter and held there by a suitable 
strap in front of it, secured by two brackets fixed to the platework of the 
vessel. 

Cranes. — The overhead cranes are of ample power to lift ladles with several 
charges of steel. The jib crane is most useful m clearing the pits quickly of slag 
from the cupolas and converters, the slag from the former running direct into 
])ans on trucks, while from, the converters it falls into the ladle pits. For trans- 
ferring ladles of steel from one vessel to ^nothej* in different bays, the jib crane 
is indispensable. 

Other Arrangements of Converter Plants.— In Ibg. 107 is illustrated an 
arrangement of converters and cupolas placed on the fioor-lccel, it being some- 
times more convenient to oi)erate the cupolas in this position than when raised 
upon staging. The metal is transferred from the cupolas to the converters in a 
ladle carried by overhead crane. 'The same crane is used for taking the finished 
charge from the converter. Fig. to 8 shows ladle suspended from crane ready 
to receive the charge. 

In Fig. 109 is shown photograph of the two 2-ton converter plant at the 
Lancashire and Yorkshire Railway Worlds, Hoiwich. Both converters face each 
other and arc served by cupolas from which the hot metal is run direct into the 
converters. 

d'he general arrangement of the 3-ton converter plant shown in Fig. no is 
that of the Scullin-CIallagher Iron & Steel Co., St. Louis, U.S.A. It will be 
observed that the cupolas are placed at right angles to the converters. 

In Fig. Ill, showing a plan of the foundry of the Detroit Steel Casting Co,, 
Detroit, U.S.A., is given the position of the converters in relation to the 
cupolas. ' 
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COST OF STFFF. PRODUCED TV SURFACE-PLOICX CONVERTER 
PLANTS FOR STEEL FOUNDRIES 

2-TON CONVERTKR .Pl ANa' WITH FOUR CONVKRTK RS 

Output and Cost of Plant.— The cost of steel piodiiced hy the i-lon 
converter pLint \tith 4 converters, described and illustrated in the previous 
chapter, is calculated on the basis of the continuous use of two converters per 
day with an output of 56 tons of steel, that is, each converter “blowing” 14 
heats per day of 10 hours. The liquid steel produced can be used for castings 
from a few lbs. weight up to 20 tons each, the plant already described being of 
ample proportions to give these results. 

The cost of plant including the following items is approximately 0,000, 
varying according to the conditions ♦f site and the alterations necessary to 
existing buildings. 

'rhe items are as follows : — 

Four 2-ion converters, mounted on pedestals with roller bearings, each 
arranged with tipping gear operateil by electric motor and with hand- 
turning gear, together with the necessary electric controllers and switches. 

Four cupolas, each provided with the latest equipment for ra])id melting and 
specially designed to melt and hold the complete charge at a high 
temperature ; complete with blast valve? and pressure gauges. 

Two high-pressure Roots’ blowers, built on separate foundations, each 
coupled direct to an electric motor bolted to an extension of the bedplate 
of tiie blower. Each blower to supiily the necessary blast to the con- 
verters through cast-iron pipes and valves coupled to them. Pressure 
gauges, operating valves, and electrical equipment included. 

Two low-pressure Roots’ blowers with motors, arranged in the same manner 
as the high-pressure blow'crs and motors above, but to supply the blast 
required in the cupolas. Alternatively, motor-driven fans may be 
installed. • 

One electrically driven lift with motor and gearing, controllers, etc., 
complete. 

One weighbridge, with the latest improvements, for weighing the materials. 

One weighing machine for weighing charge from cupolas. 

One ladle and carriage, with motor and gear for operating them to and 
from the cupolas, weighbridge, and converters. 

One high-speed jib crane for operating in front of the ladle pits. 

Two overhead cranes for serving the foundry with molten steel from the 
converters. 

All structural steelwork, including stagings for cupolas and suitable roofing. 

Four hoods and chimneys for converters. 
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One coke-fired crucible melting furnace with three 4-pot melting holes for 
melting additions to charge. 

One small cupola for melting additions, with the necessary pipe connections 
from the blast mains of the larger cupolas. 

One small furnace for heating ferro-alloys when added to charge in the solid 
state.' 

One set of ladles, including two 12-ton ladles and six 3-ton ladles. 

Blower house with the necessary switchboard equipment for the complete 
plant. 

All wiling, switches, starters, and electrical accessories complete. 

All blast pipes, spouts, chutes, slag and coke pans, tipping trucks, tools, etc. 

All brickwork, concrete foundations, pits, linings for converters, cupolas, and 
ladles. 

The whole plant erected complete and set to work. 

It is assumed that the power is supplied to the switchboard from an outside 
source, the cost of j)Iant for which is not included in the above figures. 

It will be obvious that while the overhead cranes are an absolute necessity 
in handling the steel produced from the converters, their cost should not be 
entirely charged to steel making. Dining one full day’s work, the cranes would 
be emjiloyed about half their time in serving the steel plant, and the other half 
in the foundry. Half their value only is therefore added to the cost of the steel 
plant. 

Allowing a depreciation of 10 per cent, on the comjilete steel plant, 5 per 
cent, on the buildings, and 2’ per cent, on the foundations, the annual charge for 
depreciation is : — 

£ 

^7000 C<r! 10 700 

/tooo («} 5 5"^ 

^'2000 (ci) 2\ 'b'. 50 

Total . . 

The output of the plant, if worked 47 full weeks per year = 320 X 47 = 15,040 
tons jier annum. Say 15,000 tour. 

.*. Chaige for depreemtion per ton of liquid steel = 

Interest on ^10,000 at 5 per cent. = ^500. 

('barge for interest per ton of liquid steel = ~ 

15,000 

Total charge for depreciation and interest per ton of li(iiiid steel = is. gl. 


Wotkin^ Costs {f>(r Ton of Liquid Steel for Caihon Steel Castiiiiis) 

Cost of Repairs and Stores.- The repairs include all materials and labour 
expended in patching converters, cupolas, ladles, chutes, and furnaces daily ; the 
periodic relining of the converters, cupolas, and ladles with brickwork ; all 
repairs to the mechanical and electrical parts of the plant necessary to maintain 
them in woiking condition; and all hand tools used about the plant. The 
stores include oil, grease, waste, asbestos, gloves, brushes, and all miscellaneous 
items required. 

'I'he average cost of repairs and stores taken over a period of 12 months, 
including the cost of relining converters, etc., is 4s. per ton of liquid steel. 

Cost of Fuel.-- -The fuel includes coke used in heating cupolas, converters, 
and crucible furnace, as well as the fuel actually used in melting. The average 
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weight of coke used per ton of liquid steel produced is 3J cwts,, and taking the 
price of coke at 2s. 6(1 per ton, the cost of fuel per ton of licpiid steel 
= $s, ii.y. A small amount of fuel is also required for heating the ferro-alloys 
when added to the converters m the solid state. This amounts to a fiaction of 
a penny per ton of steel. 

Cost of Labour. — 'Die laliour includes all men re(iuiied to work the plant, 
exclusive of those referred to under the heading “ repairs ” already dealt with. 
The men re(piired are : — 

Four converter men. 

Two cupola attendants. 

Two ,, chargers. 

Eight ,, charge wheelers. 

One man in charge of blowers and other plant. 
f)ne man in charge of jihysic uijiola. 

'I'wo men at crucible furnace. ^ 

love men iiatching, repairing, and operating ladh's. 

One man at jib crane and part wages of two men on oveihead craiu's. 

One foreman “ blowei.” 


'I'otal wages for one week ... ... ^,5^ 

Steel {iroduced in ladle during one week . 3J0 tons. 


C-ost {)er ton of liquid steel 


^ s'/- 


Adding 50 j)er cent, as part expenses of chemist and management — 1 9. <)J. 


[)er ton. 

The total cost of labour pei ton ofTujuid steel = 2\I. 

Cost of Power. — 'Die cost of pow’er includes .ill elcelrical ])ow'er used in 
operating the blowers for converters and cupolas, lor tipjang tlu^ conveitcTS, 
operating tlu- lilt, and half tlie power consumed by the two overhead electric 
cranes. It also includes tlie fuel and w.iter used by tbe ste.im jib crams 

Assuming the cost of current at the swiicliboaid to be V. jier unit, the cost 
is as follows ; — 


• r. 

('iirrent for week, 8960 units = 28 units ])er ton 

of steel, W'hich at F/. unit i 2 p( r ton. 

Fuel and water for crane . o i 


Cost of power per ton of liquid steel - 1 3 


Cost of Raw Materials. -'Die weights and co.st of raw materials used in one 
week to produce 320 tons of liijuid steel are given below : — 


Mattriah used for Actual Ma?iufaciure {excludiuc^ Physics) 



'r. 

C. 

Q- 

LI 

s 



/, 

j". 

d 

Pig ... . 

M 7 

I 2 

0 

0 

id] 

659. 

od. ton . 

479 

M 

0 

Scrap . . , 

192 

I 2 

0 

0 

((0 

55 ^- 

od. „ . 

529 

CS 

0 

Limestone . . 

14 

14 

0 

0 

(<il 

4 jr. 

2d. ,, . 

3 

1 

3 

Fluorspar . . 

3 

6 

0 

0 

(a) 

16-f. 

od. „ . 

2 

1 2 

10 

Ferro-silicon . 

3 

I 2 

0 

0 


8oi. 

cd. „ . 

15 

6 

0 


'I'otal . . . . ^1030 7 I 
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T. 

rig. . ... . 17 

Scraj) .... 10 

Ferro-mangancse 2 
Ferro-silicon . 2 

Aluminium . . o 

Fluorspar . . o 


Physic Afaterials 

C. Q. Lbs. 

13 o o @ 65^. od. 

18 o o @ 555-. Q)d. 

15 2 0 @ Ss. 6d. 

6 3 0 @ iix. Sd. 

2 3 3 @ OL •jd. 

7 I 1,4 @ i6^. od. 




s. 

d. 

ton . 

• 57 

7 

3 


. 29 

19 

6 

cwt. . 

• 23 

1 1 

9 

if 

. 27 

5 

5 

lb. . 

• 9 

I 

5 

ton . 

. 0 

5 

1 1 


Total .... £14^ II 3 


Cost of raw material per ton of liquid steel in ladle 

4'j'- 


320 


’ = £3 13^- 8 ./. 


Summary of Costs 
Cost of plant, ;^ro,ooo. 

£ s d. 


Depreciation and interest 019 

Repairs and stores 040 

Fuel • 0311^ 

Labour -f 50 per cent, for management .05 2^ 

Power 013 

Raw materials . 3^3^ 


Total cost per ton of liquid steel . ^4 9 10 


Loss of Raw Material. — The combined loss in the process of melting and 
blowing varies from 15 to 20 per cent, of the material charged. The kind of 
scrap melted with the pig iron plays an important part in the loss. The best 
results are obtained when heavy, ejean scrap is used. 


2-Ton Converter Plant with Two Converters 

The 2-ton converter plant shown in Fig. 112 (pp. 220-21) is generally in 
accordance with Plate V, but half the size. 

Output and Cost of Plant.— The output from this plant is based on 14 
heats per day of 10 hours, the average heat weighing 2 tons in the ladle. One 
converter is worked daily, producing 28 tons of liquid steel. The steel can be 
used for castings varying in weight from a few lbs. to 7 tons each. 

The cost of plant, including the following items, is approximately ;^6ooo. 

Two 2-ton converters. 

Two cupolas. 

One high-pressure blower. 

One low-pressure blower or fan. 

One electric hoist. 

One weighbridge for weighing raw materials. 

One weighing machine for weighing molten metal. 

One ladle for weighing machine. 

One high-speed steam jib crane. 

One overhead electric crane. 



COST OF STEEL PRODUCED IN CONVERTER PLANTS 219 


All structural steelwork, including staging and roofing for cupolas. 

Two hoods and chimneys for converters. 

One cokc-fired crucible melting furnace, with three 2-pot holes. 

One small physic cupola. 

One small heating furnace. 

One lo-ton and four 3-ton ladles. 

One blower house. 

All electrical and mechanical equipment complete. 

All blast pipes, spouts, chutes, etc. 

All foundations, brickwork, etc., complete. 

The whole plant erected and set to work. 

The explanatory remarks regarding the items of j>lant for the 2 ton converter 
plant with 4 converters descril)cd in the first i>art of this cliapter api>ly to the 
same parts of the plant enumerated above. 

Annual charge for depreciation on plant : — ^ 

Complete steel [)lant, ex»ej)t bmldings, ^4500 10 -- ^^450 


buildings 500 ((/] 5 " >5 

Foundatioi^s, etc Z looo ((i) 2^ 2^ 


Annual charge for depreciation . . /'500 

Interest on capital outlay, (<1) 5 “ /joo 

Annual charge for depreciation and interest ~ 

The outjmt of liiiuid steel per year = 7500 tons, /.c. half the output of the 
2-ton converter jilant with 4 converters 

.*. Total charge for de{)renation and interest per ton of liquid steel 


800 X 20 
7500 


--- IS, 


Costs {per Ton of liquid Stc^ for Cathon S(cd Castings) 

Cost of Repairs and Stores.— AH the items referred to under the same 
heading for the 2-ton converter plant with 4 converters are included in this cost, 
and all prices for materials and stores are taken on the same basis. 

Average cost of material, labour, and stores per ton of liquid steel = 45-. 6</. 

Cost of Fuel.— The average weight of coke consumed is 4 cwts. per ton of 
steel in the ladle; this is increased as compared with the same item in the fore- 
going cost, on account of the crucible furnace and physic cupola, which do not 
yield so much per day as when used in conjunction witli the 2-ton converter 
plant with 4 converters, andconseiiucnlly more fuel is used. H'he heating-up of 
both furnaces has to he done, w’hethcr the output is great or small. Taking the 
price of coke at fi 2s. 6 d. per ton, as before, the cost of fuel [ler ton of liquid 
steel is 6 d. 

Cost of Labour. — The men employed arc as follows; — 

Two converter men. 

One cupola attendant. 

One cupola charger. 

Four cupola charge wheeler^. 

One man in charge of blowers and other plant. 

One man in charge of physic cupola. 

One man at crucible furnace. 
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Three men patching, repairing, and operating ladles. 

One man at jib crane and part wages of man on overhead crane, 
One foreman “ blower." 






Fig. 1 12.— General Arrangement of Two 2-ton Surface-blown Converter Plant. 

Total wages for one week ^35 

Steel produced in ladle in one week .... 160 tons. 
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r , X 20 , , 

C.ost per ton of steel — ' ' = -\f. 4.V/ 

Adding 50 per cent, as part expenses of eiieniist and management =: 2s. 2J,/. 
per ton. 'I'he total cost of labour per ton of litjuid steel " 



Front Elevation 


Cost of Power .Assuming the cost of ciirrent at the swi(( bboard to In* V/ 
[)er unit, the cost of iniwti is as follows : — 

('urreiit consumed per week, including oveihead elecliic crane - j gSo units 
= 28 units jier ton of steel. 

r J 

28 units ^ \i/. unit 12 per ton. 

Fuel and water for crane . . . . o i\ ,, 

Cost of power [>er ton of liquid steel i 

• — 

Cost of Raw Materials. — Using the same proportions ol raw mateiials as 
given on p. 217^ and adojiting the same prices, the total (sisl o( raw materials 
used in producing 160 tons ol liquid steel = /’588 iqr 2,/ 

Cost of raw materials per ton of liquid steel in ladle — /j i p. SJ. 
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Summary of Costs 

Cost of plant, £6000. 

Depreciation and interest 

Repairs and stores 

Fuel 

Labour + 50 % for nianagemcnt . . . 

Power 

Raw materials 


£ s- d. 
o 2 
046 
046 
067 
o I 3V 
3 13 » 


Total cost per ton of liquid steel . . . £^ 12 8 


2-Ton Converter Plant with One Converter. 

In comparing the one 2-ton converter plant shown in Fig. 113 with the 
plant illustrated in Fig. 112, the general features in the design remain the same, 
and ecpial accuracy is observed in the construction and workmg of the details of 
the plant. There are, of course, other designs of plants (some of which are 
described later) used in foundries where it is not considered necessary to weigh 
the molten metal from the cupola, and where it is found convenient to have the 
cupola on the same floor-level as the converter. 

Output and Cost of Plant.— The capacity of the plant enumerated below 
is based on the same output per converter as the two plants previously described, 
namely, 14 heats per day of 10 hours, each heat having an average weight of 
2 tons. As one converter only is used! it is in operation but 3 days per week, 
every alternative day being employed in patching and repairing the lining. The 
weekly output of liquid steel amounts to 84 tons, and can be used for castings 
weighing from a few lbs. to 4 tons each. 

The approximate cost of plant shown in Fig. 113, including the following 
items, is £3S^^- 

One 2-ton converter. 

One cupola. ♦ 

One high-pressure blower. 

One low-pressure blower or fan. 

One electric hoist. 

One weighbridge for weighing raw materials. 

One weighing machine for weighing molten metal. 

One ladle for weighing machine. 

One high-speed jib crane. 

One overhead electric crane. 

All structural steelwork, including staging and roofing for cupolas. 

One hood and chimney for converter. 

One crucible coke-fired melting furnace, with three 2-pot holes. 

One small physic cupola. 

One small heating furnace. 

One 6-ton and three 3-ton ladles. 

One blower house. 

All electrical and mechanical equipment complete. 

All blast pipes, spouts, chutes, etc. 

All foundations, brickwork, etc., complete. 

The whole plant erected and set to work. 

Although one converter only is used, the items of plant are the same size as 
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in the 2-ton converter plant with 4 converters, except in the case of the loverhead 
electric travelling crane, which is made lighter, to suit the load. No generating 
plant is included, it being assumed that the electric current is supplied to the 
switchboard from an outside source. 



Fig. 1 13. — Arrangcnxyit of One 2-ton Surface-blown Converter Plant. 


Annual charge for depreciation on plant : — 

L d. 

Complete steel plant, except buildings, y^25oo 10 “ 250 o o 


Buildings £ 300 (a] 5 % =1500 

Foundations, etc £ 700 (^J 2!^ % ~ 17 10 o 


Annual charge for depreciation .... ^282 10 o 


Interest on capital outlay, £3500 @ 5 % = ^t75 o^. 

/. Annual charge for depreciation and interest = ^457 roj. 
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The output of liquid steel per year = 84 (tons per week) X 48 (working 
weeks) = 4032 tons. 

/. Total charge for depreciation and interest per ton of liquid steel 
_/457 IO-f. _ - ; 

. — = 25. Xkd, 

4032 


Working Costs {per Ton of Liquid Steel for Carbon Steel Castings) 

Cost of Repairs and Stores. — The same items are included in these costs as 
in the larger plants previously considered. The prices of the materials are also 
taken at the same figures. 

Average cost of materials, labour, and stores per ton of liquid steel = 5/. 

Cost of Fuel.— The consumption of coke per ton is about the same as in the 
2-ton converter plant wfth 2 converters, namely, 4 cvvts., and at a price of 
£1 2S. 6d. per ton the cost of fuel per tron of Kquid steel = 6d. 

Cost of Labour. — The men employed are as follows : — 

Two converter men. 1 

One cupola attendant. 

One „ charger. 

Three „ charge wheelers. 

One man in charge of blowers and other plant. 

One man in charge of physic cupola. 

One man at crucible furnace. 

Two men patching, repairing, and operating ladles. 

One man at jib crane, and part wages of man on overhead crane. 

One foreman blower ” 

It will be observed that the same number of men are employed for 3 days of the 
week while the conveiter is in operation, as in the case of the double plant, with 
the exception of the cui>ola charge wheelers and the ladle men. The reduction 
in the number of charge wheelers is made possible by their being able to get 
several charges upon the cupola stage during the days when the repairs are 
effected. The ladle men are alsq reduced in number, because they have more 
time available for repairs when the plant is not in operation. 

Intermittent working of plant always increases the labour bill. Instead of 
patching and repairing the converter and cupola during the night, as in the case 
of the double and larger plants, this is done during the day by the converter 
and cupola men. The remainder of the men are found general labouring work 
in the, foundry, but the duties are not regular, and it often amounts to a highly 
paid labourer being employed on a class of work of a lower value. 


Wages per week charged to steel plant . . . . ^21 

Steel produced in one week ......... 84 tons. 


,, , 21 X 20 

Cost per ton of steel = — ~ 

Adding 50% as part expen.ses of chemist and management = 2 s. 6d. per ton. 
The total cost of labour per ton of liquid steel = js. 6d. 

Cost of Power. — Assuming the cost of current at the switchboard at ^d.^ per 
B.O.T. unit as before, the cost of power is as follows : — 

^ The price is kept the same for the sake ot comparison, but in small steel foundries where 
some plants are installed, the current consumed in other parts of the works is not sufficient to 
allow of the total consumption being produced or purchased under J/. per B.O.T. unit. 
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('urrent consumed j)or week, including overliead electric crane, ~ 2353 units 
= 28 units per ton of steel. 


28 units (ft \ /. unit ......... I 2 j>er ton. 

Fuel .uui uatu for crane 02 ,, 

(\')st of power ]>er ton of li([uid steel — i j ,, 


Cost of Raw Materials I'akine the pui ol the raw inatciiaN as hcTore, 
and using ihe same jirojiortions, the total tost of law in.it(ii.ils h)i 8| tons of 
liquid steel ~ /,3cn 8^ 

(,'usl (d raw mateiials per ttai t)l Injuid steel ^ ijv, 8,/. 


Summary of Costs 

(\)st of pl.int, o 

J )epteriation and mtei^st . * . . . 

RepvUis ami stoi» s 

lOK 1 .• . . . . 

F.dx'ur 50",, lor inanagt lie nt 

I'owt r ... . . 

R.'iw ni.ateri.ds .... . . 


/ ^ 

o 2 

o £; o 

o j 0 

<. 7 0 

I \ 

8 M 8 


'I'otal ( ost i)ei tun of iKpiid steel ... /\i\ 


General Conclusions. - 'I'he cost ol^li(|iiitl sttel m tlu* ladle liom the three 
foregoing plants is : 

2 tun ( onvt rler phnl w ith ron\< it< rs . . . .j 0 10 per ton. 

• 1 8 „ 

,, ,, I ( onveilt r . 4 1 t ,, 


It will be (observed that the saving in the ( ost pei ton of liquid steel piodiit'ed 
by the loiii-con\'eitei \ hint over that prodiued by the two conveitei plant is not 
very mu( Ir, since the oulj)Ut per <on\erter^s the same in each [ilant. 'i'he 
prjncn)ai advantage gained in working the larg< i |)l.uUs is th.U the t(;st f;r labour 
j)er ton is reduced, and in additnui there aie also inim;r savings in the cost of 
repair.s, fuel, and j^ower. 

In each of the three jilants comjared, the ( ost of st(.‘el produced by them has 
b(^en based upon on output ol the same amount from euh conviiler, and the 
])rices of the raw' mateiials and mixtures have been the same, hourleen heats 
per converter j^er day lor the working yrar may be regaid(*d as a good output. 
Unfoitunatcl) , many stei l foundries an. not favoured all the yi ar roiHid with 
orders for steel < astings whi»h permit ol such a re gular ilou 1 lu;y an; mor<' 
often either too full ol work to deliver goods I’eriuin d hy < uslorm rs, or tiu y are 
so “slack’' that it is neeessary to run llie steel plant cveiy .du mate day ol the 
week. 

When a foundry is very ])usy, it is jiossihle to obtain as many as t 8 heats per 
day from one converter, but this means considerable oveitime for the < upolaand 
converter men. 'I'he lining of the converter is also {finished severely w'hcn 
working at this rale, making the necessary patching very thick, and consequently 
less secure, and hence sliortenmg the life of the lining and tuyeres. '1 he saving 
gained by the increased output under such circumstanc es is not always ap[meciable 
in the cost of steel ])er ton in the ladle, altliough in otlier respects rajiid output 
always has its advantages. 


Q 
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CompariBon of Costs.— Below a 

comparison is made of the cost of steel 

produced by each of the plants referred to when making an average of lo heats 

per day instead of 14. In the comparison, the raw materials 

stores, 

and wages 

of the men employed are taken at the 

same \alues. 



2-Ton Converter Tlant with four Converters 


Cost of plant, ;^io,ooo. 





14 heats per day. 

10 heals 

per day. 


P s. d. 


(L 

Depreciation and interest . . 

. . . 0 I 9 

0 2 

3 

Repairs and stores . . . 

. . . 040 

0 5 

0 

Fuel 

. . . 0 3 1 1 \ 

0 4 

6 

Labour + 50% for nianagLiiitiu 

. . . 0 5 2.V 

0 6 


Power 

... 0 I 3 

0 I 

4 

Raw materials 

• • 3 LS « 

3 13 

8 

Total 

• • £-\ <) 10 

/'4 13 


2-Ton Converter Plant with two Converters 



Cost of plant, /^6ooo. 





14 heals per day. 

10 heats per day. 



P s. 

d. 

Depreciation and interest . - 

. . . 0 2 1 1, 

0 2 

6 

Repairs and stores . . . 

. 046 

0 5 

6 

Fuel 

V . . 0 4 6 

0 4 

9 

Labour -f 50% for management 

... 0 6 7 

0 7 

1 1 

Power 

• 0 I 

0 I 

4 

Raw materials 

• 3 '3 8 

3 13 

8 

I’otal 

. . ^.4 12 8 

/'4 >5 

8 

2- Ton Convert ir Plant with one Converter 



Cost of plant, ^3500. 





14 heats [>er day 

10 heats per day, 


.. </. 


d. 

Depreciation and interest . . 

. . . 0 2 

0 3 

3 

Repairs and stores .... 

... 0 5 0 

0 5 

9 

Fuel 

. . . 046 

0 4 

9 

Labour -f 50% for management 

. . . 076 

0 9 

0 

Power 

. . . 014 

0 I 


Raw materials 

. . . 3.13 8 

3 13 

8 

Total 

• • Z 4 14 

£a 17 

9 i 
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COWERTER REAMS E-'OR SMAE.E. EOUM^RIES 

nKS?;KMFR plants of small capacity are hccomini; incnasingly popular in 
small steel and malK'ahlc iron foundries, as well as m the lar^e manufacturing 
works where many small steel castings are r(‘(jmie(\^ 'The cost (d steel pro- 
duced in these small plants is considerably In^hm than when stet'l is made in 
say 2- or 3-ton coiuerti rs, but the oonvemenee of lu mg abk‘ to make castings 
as required instead of being disappointed or delayed with bad deh\ cries is con- 
sidered by some ni^inufaeturers sulficieiit giound for installing tin se small plants. 

The half ton C(m\erler, or as it is sometimes calk d the “ baby ” converter, 
IS most fre(iuently installed by manulacturc-rs rekired to above, and sometimes 
by larger steel foundries as an adjunct to then largei plant, Si/.es betw’een 
i ion and 2 tons are found in seveial foundiies. 

I-ToN SUKKACK-BbONk'N CoNMlRTKk Ti^ANT 

General Description. -- One-ton plants are <k signed an<l lonstrucled after 
the manner illustrated 111 big. 1 1 q, having cupola fixcsl ii|)on a raised platform 
behind the coiucrler, and also as shown in big. 115, with cupol i .ind converter 
on the same ground-k'\eb 'bins latter jiractKc is not uncommon, finding 
favour in (’onliiumtal and American foundiics, as well as m this <oimliy. 'bhe 
choice of arrangement of plant is often detirmined hy the i onditions and con- 
venience of the foundry and site where the pl.^nt is to he installed. Where the 
cupola can be mounted on a stage, it is easier to run (be mellid metal direct to 
converter along a chute, or, as is done in most modem jilants, after first weighing 
it upon the .stage. When the ( upola is on the ground, the metal has to Lr 
tapjxid into a ladle and then transferred to the ( onveiler. 'The initial cost of 
the latter plant is Ijss, but the cost of steel prodm ed by both is appioximately 
the same. 

As an alternative to the designs shown in logs, riq and 115, the Ingh- 
pressure blower may be arranged to serve both the converter and ihe.cupida, 
a branch jiqie being t.aken fiorn the converter air mam to the cupola, as shown 
in b'ig. 116, p. 230. 'bins prflctice, however, ij wasteful, as the larger blower is 
doing the work of a low' pressure hlow'er or fan dunng part of the lime of steel 
making. In both installations the converters are li}»ped hy means of an electric 
motor. Where it is not convenient to have electric [lowcr, hydraulic tipiung 
is arranged. 

Sometimes the blowers are belt driven or steam driven instead of being 
coupled to an electric motor. Steam is not infrequently useil for the hoist, and 
hydraulic lifts are also common in steel foundry prai tire. I'hesc are details 
which are arranged according to conditions. .Much, however, can be said in 
favour of electrical equipment throughout. In neither of the plants is a 
crucible furnace shown for melting the physio, but this is included in the cost 
of the plant. 
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Op6r&tioii of the Plaiit. — The plant is worked every alternate day, as it is 
necessary to patch and repair both converter and cupola the day following steel 
making. Ihe sequence of the operation of a i-ton plant is the same as in 



Front Elevatton ^ End Elevation 



Pic. 114 —Arrangement of One i-ton Surface-Mown Converter Plant, 

Cu]X)la on staging. 

larger plants already described in Chapter XX. The average duration of the 
blow is, however, somewhat less. 

Output and Cost of Plant. — Working either of the plants shown in Figs. 114 
and 115 to an average maximum output, 14 heats of i-ton each could be 
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obtained during a <]ay of 10 hours, 'i'his is etju.il to 43 tons of Injuid steel pei 
week, and approx itn.itely 2000 tuns per year of 48 working weeks, which will he 
taken as the output. 


/n 



Front elevation End Elevation 


f*' 



V 

Plan 

Fui. 115 . — Arrang<’ nif 111 <4 i SiirfKr-lJ'.vsn C''nvrrlPt I l.irif. 

( upol.i on fl'iDr-I' 'fl. 

The items included in the cost of the plant, w'hieh is aj^jroximately ^i95o» 
arc as follows : — . , 

One i-ton converter, mounted on pedestals with roller hearings, arranged 
with tipping gear operated by electric motor and with hand turning gear, 
together with the necessary electric controller and switch. 

One specially designed rapid melting cupola, with all the necessary pipes, 
valves and gauges. 
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One high-pressure Roots’ blower to supply the necessary blast to the con- 
verter througii cast-iron pipes and valves coupled to them. Motor and 
electrical ecjuipment also included. 



I'lG. Ii6. — Arrangement of One l-lon SurfA.O Mown Converter Plan' wnh one Ploucr 
scr\ing Converter and Cupula. 

One fan for cupola, coupled direct to motor. 

One electric lilt, comjilcte. 

One weighbridge for raw materials. 

Staging for cupola, suitably co\er(‘(l, and all slriiclural fillings. 

One hood and chimney for converter. 

One eoke-fircd rriicible nielliitg fuina(e, \\ith one 4-pot melting hohe 
One overhead elertiic crane (half value iik hided). 

'Phree 30-cwt. ladles. 

Hlowei liouse with the necessary s\\ ilehhoaid and electrical eniuipnient. 

All wiring, switches, staiters, and eleetiieal ac'cessories. 

All blast pi])es, spouts, chutes, slag and coke pans, tooK, etc. 

All hru'kwork, coiurele foundations, j)its, linings for converters, cupolas, 
and ladles. 

The whole i)lant erected complete and set to work. 

Allowing a depreciation of 10 i)er cent, on ih i complete steel ])lant, 5 per 
cent, on the buildings, and 2^ per cent, on the foundations, the annual charge 
for depreciation is 

^{^1650 uP lo'^o 
/,'joo uf 5'’:', 

£100 yil 2 .J% 

Total . . /'175 

Intcre.st on £j()So 5^0 . . ... £()'] 10 o 

Annual charge for depreciation and interest £2"] 2 10 o 


5 

5 
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With an output of 2000 tons of liquid steel jxt year, the charj^e lor 

depreciation and interest - ^ - jr. S'./, ivr ton of steel in ladle. 

* 2000 


U'i'Ur.\' C'jA (/tr 71'// of hquui St<\ I for Carbon Sta! Ca\ti*i;\) 

Cost of Repairs and Stores. — The repairs inchide all niaieri.ds and l.ahoiir 
expended in patching' C()n\erter, ( iipola, la<iles, chutes, and ( rucihle furnace, 
relming (onverler .ind cupola jH:ri()dicilly, all inechanic.il and electrical rejiair.s, 
and tools used about the plant. I'he stores include all items required. 

'I'he average cost of repairs and stores, including l.ihour and materials 
— 7^, 6./. jx.‘r tiMi of liquid steel 

Cost of Fuel. - I h(' a\erai;e weiL^hl of coke used m heating the < upola, 
coiuerter, and crucible lurnace, and in melting materials - t; i vvts. jici ton. 
'I'akiivg coke at ii\. 6 / per ton, the cost of luel per tt^i of liquid steel -- 5^. 

Cost of Labour. - I he (ollowjng mcji arc icsiuircil . — 

( )ne converter man. 

One (upol.^and blowrr altendant- 
One eupola liiarger 
Tv.0 ( liarge vsh< elers 
One man at rriicihle furnace. 

'Two men at ladles. 

( )ne “ blower. " 

I’.iri Nsages of one man on ovciluad crane. 

'I'<'tal wages for time employe^l dm mg wev-k . fio ij o 
Steel produced in ladle during one we< k — 42 tons 
Cost of labour per ton of Injuid ste<d — 50 i./ 

Adding' :o j*er cent, as jiart expmises of chemist and management - 2\ , 

the total cost of labour ])er ton of Inpiid stei I — 70 7^7 

Coit of Power. \\’itli (Urrent sujiplicd at the .switchboard at Jjcr unit, 
the cost IS as follow s . - - 


Current consumed dining week -- 1344 units 

Cost of power - ^ ^ ^ of steel. 


Cost of Raw Materials. 'I'akmg the eost of raw materials as before, and 
using the same mixtures, the price jier ton of steed in ladle /,] i 8-/ It 
should he remen'd>ereel, howe-\tr, liiat j)ig iron and scra[) < .mnot as a rule: be 
])urchascd at the same prices jier tern in small parcels as in larger (juantities, and in 
lounehit s where r.iilway true ks cannot Conveniently dise barge materials into the 
slock) ard, the- cost of raw material per ton is me reased due^ to the extra handling. 
I'he saire puce is taken in this cost as before foi the ^ake ol comjjanson. 


Summary of Coasts 

Cost of [)lant, /^iQSo. 

Depreciation and interest . 

Repairs and stores . , 

Fuel ... 

Labour 4 - 50'X) lor management . 
Power . . . . 

Raw materials 


/ ^ 
o 2 8 f 

o 7 6 

OS 7l 
o 7 7 i 
o r 4 

3 Ci ^ 


Total cost per ton of liquid steel 18 5^ 
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Costs with Varying Outputs 

I’he following t>i])lc gives tlic costs per ton of liquid steel when the foregoing 
j)laiU IS worked on 14, 10, and 6 heats every alternate day, giving 42, 30, and 
18 tons of steel per week respectively : — 



1 

Ik its 

lo licals 

(S 

iu « 

t$. 

C\n( of phvit, 

i i 

i ./ 

C i ii 

1 


</ 

Dcpreci.Uiiin .xivl intert'st . 


2 M 

3 ‘>1 


6 

4 

Repairs and stores 


7 ^ 

8 0 


9 

6 

Fuel . 


5 Ih 

6 0 


b 

6 

Lalxjiir 4 50% for nianagx nieiii . 

• • 1 

7 7 i 

i 9 


1 1 

0 

I'owcr 

' ' i 

1 4 

I t) 


I 

8 

Raw m.aterials ... 

• • 1 d 

13 8 

3 «J 8 

3 

G 

8 

('ost per ton of liquid, slccl . 

• • 1 4 

>8 5i 

525) 

: 5 

8 

8 


Small JU-sskmer Converters— German Uractice 

Mr. E. Gehauer of Uerlin has sent the following particulars, which ha\e been 
obtained from German practice. It will lie obseived that the prices of the law 
materials dilTer Irom those iqion which all the j)revious calculations are based. 
Then again, one day’s out[)Ut is compared, not one week s, and certain items of 
expenditure in connection with cranes and ladles are not included. The 
following details are given 

lUirden of cupola and converter 400 cwts. 

Output — 12 charges of 27 cwts. . .... 324 ,, 

Toss and waste in cupola and convci tel ... 76 „ (rq'^o). 

L -f- 'A 

340 ewds. pig iron (<p 70J. per ton. . . 59 10 o 

54 cwts. steel scrap 509. per ton . . . .... 6 15 o 

. ^ fferro-manganese (0 I7S''- ton) 

^ IferrO'Sihcon 01 lOoT per tun ) - i- o 

48 cwts. coke for cupolas (. 2ro of clia.gc)! 

10 cwts. coke for heating converter ) ^ j o ^ 

400 cwt. burden /,'72 0 9 

Electric pow'er for converter (</^ 2s. 6r/. per chaige ... 1100 

,, „ cupola .. 060 

Repairing of converter .... 160 

Wages:— 1 foieman . o 10 o 

I melter for cupola . 050 

1 workman for cupola . 040 

2 workmen for converter ........ 080 

I workman ,, (unskilled labour) . . 030 

1 ,, Striker 040 

2 men for carrying iron . . 080 

I man ,, coke 040 


I engineer ... 

I bricklayer . . 

5% interest and 10% depreciation on 2000 charges 

/. Cost of 324 cwts. of molten steel 

A Cost |>er t'sn of molten steel = iid. 
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One- ton Zenxes Converter. With a one-ton surface-blown Bossi nur plant 
having inodifitMlions in d» sign and opiTation applied by Mr. A. /en/es, he 
estimates' the C('si of moltiii steel in the l.ulle as lollows, leased upon an output 
of five heals jnr da) and uoiking tluec davs [kt wevk. 

Raw materials ; — 

/: * L 

10 terns hernaliU* pig ,/ } per ton poo 

a 5 (oils sled seraj) ****** • • * • * • ‘a o 

15 tons rharged . 55 

j 7 tons loss in ( upola aiul converter iH"„. 

12 ^ tons ol lupnd stetl in converter. 

Fuel Used . 

I I ton ( oke for heating cii[iola | 

ri conv< Iter and ladles , [ 

15 ,, melting pi cupt^la ( 10",, of ( barge) | 


g 7 tons j r jm r ton .... . t S 10 

(I o 5 (on Imu stone pt‘r ton ol ( h.iige . . o c; o 

o () p (tin pig .idditions . . . . . 2 p .| 

o i.’s ton (eiro manganese . . 150 

I’ouer - 

( 'ost of power for convetter blast ... . . 1 10 o 

,, cupola blast .... . .07b 

Repairs to cupola and ('onveitc r i o 

M'ages of foreman and labour . T 1100 

'Fotal cost .... /d).H 16 8 


'Fotal vseiglit of st('el m l.idle -= 13 o.| tons 
('ost per ton ol Inpiid sti 1 1 -- /.'s 50 7,/. 

In the above co.st, depredation of plant and interest on capital arc not 
included. 

Onk Half-ton SoKFAu- itLowN Convfktkk Plant 

General Description, In small plants, often termed “baby" eonverters 
because of (beir si/e, many of the balures of (be larger jilants are found. 'I'be 
converter rests upon pedcsstal bearings, an I tlic lipjring is done, as a rule, by 
means of a iiaiulwiieel operating suitable reduction gear, instead of by electric 
or hydraulic jiower, allbougb in some eases the converter is tijiped bj power. 
'The converters are S(j sm.ill that tliey can be lilted from their bearings after the 
charge has been “ blown," alld the contents jioured direi t into a mould. 'I'hi.s 
is not commonly prai lised unless the overhead cranes are suifu lenlly jiowerful 
to lift converter and (barge. It is more often found that the steel is j)Oured 
from them into shanks and cairied to the moulds, hence there is no necessity for 
a heavy overhead crane. The cuj>ola for melting the charge may he placed on 
the floor-level near to the converter, as is usually done, or it may be mounted 
upon a stage. The small high-pressure blower for the converter and the fan for 
the cupola are of the ordinary lyj)es already described. 'These are usually placed 
as near to the cupola and converter as convenience will [)ermit. 

Operation of the Plant.— Figs. 117, 118, 1 19 and 120 arc photographs of a 
half-ton Tropenas converter in operation. Fig. 117 shows the charge being 
* “ Foundry Trade Journal,” 191 1, p. yoo. 
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tipped from a ladle into the converter. An overhead crane is employed for 
carrying the molten iron in the ladle from the converter, and in Fig. 118 the 
flame is seen issuing from the converter, showing the progress of the blow, 
which lasts from ten to twenty minutes according to the temperature and nature 
of the iron treated. Figs. 1 19 and 120 illustrate two methods of taking steel 
from the converter. In one instance a ladle suspended from an overhead crane 
is about to take the whole charge ; in the other, the lujuid steel is being poured 
into small shanks. It will be observed that in Fig. 120, the mouth of the con- 
verter is partially closed with ganister lield in position by a cross-bar and jdate, 
the steel jiassing through a small hole into the shanks. 'Fhis prevents slag from 
mixing with the steel unduly, and enables the use of narrow-mouthed shanks for 
steel distribution. 

Output and Cost of Plant. -The output obtained from a half-ton plant such 
as is illustrated, is 12 heats in 10 hours, and by working every alternate day, 
18 tons of steel could \ui obtained per week, or 864 tons of liquid steel 
per year. • 

The approximate cost of the plant is 100, and includes the following 
items , , 

One converter, having pedestals with roller bearings and arranged with liand 
tipping gear only. 

One high-pressure blower for supplying the blast to the converter and 
coupled direct with electric motor. All pipes and valves between blower 
and converter supplied. 

A specially*de.signed cupola for melting iron and steel scrap. 

One fan for cupola— motor driven. 

One coke-lired crucible melting furnace, with one 2-pot hole for melting 
})hysic. . 

One weighing machine for charges. 

Two 15-cwt. ladles. 

One overhead electric crane (half cost). 

One hood and chimney for converter. 

Structural steelwork, including staging for cupola and suitalile roofing. 

Flower house with the necessary switchboard evjuqiment. 

All nci'essary pipes, valves, etc., and electrical cituipment. 

All brickwork, concrete foundations, pit, lining for converter and cupola. 

'I'he whole plant erected complete and set to work. 

Allowing a depreciation of 10 per cent, on the complete steel plant, 5 per 
cent, on the buildings, and 2.\ per cent, on the toundations, the annual charge 


for depreciation is 

jC s. d. 

£i)So 10 % 95 ° 

X'S® gd 5 \’o • • • .... 2100 

£100 (li) 2V;o ^ j \o 0 

d'otal . .100 o 0 
Interest on 100 @ 5 "/o 55 ^ ^ 


Total annual charge . . ^'155 o 0 

With an output of liquid steel of 864 tons per year, the charge for depreciation 
and interest = = 3^* 7^- P^r ton of liquid steel. 
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IVofkifig Costs {f^er Ton of Liquid SUd for Civhon Stcd CosUngs) 

Cost of Repairs and Stores.— The limngs of tlu-sc small coiiverlcrs are 
sometimes rammed witli a highly refractory sand composition, but it is doubtful 
if the cost of repairs is thereby reduced. The cost below is based^on the use 
of silica brick lining and the usual ganister for j^itclung. All items of repair 
about the cujx)la, converter, crucible furnace and l.idles are included, and all 
mechanical and electrical repairs, together with the neci''sary stores, (‘ost of 
labour and materials [>er ton of steel in ladle — Sj. 6</. 

Cost of Fuel.--'rhe average weight of coke used in heating the cu[)ola, 
converter, and crucible furnace, and in melting materi.ils, is eijual to 5] cuts. pcT 
ton of steel in ladl(‘. 'baking the {>rice of coke at 11^. 61/. per ton, the cost of 
fuel [KT ton of h(|uid st(‘el = 6j. id. 

Cost of Labour 'bhe labour reijinred includes the following ; — 

One coiuerter man. * 

One ( upola man. • , 

One ( barge wheeler. 

'I'wo men at la^lles and crucible furnace. 

One “blower." 

I'art wages of man at ov( rhead crane. 

Total wages for lime emplo\ed during we(k, .\s. 

Steel produced in ladle during one wirk, jH tons. 

('osl of labour per ton of lujuid steel = Sy. 

Adding 50 per cent, for part expenses of themist and management, the 
total cost = I3J, per ton. ^ 

Cost of Power. — On the assumj)tion that ehetru' current can be sujiplic'd at 
the switchboard at \d. ()er unit, the cost is as follows : - - 

('urrent consumed during week, 600 units ~ 10 5//. per ton of steel. 

Cost of Raw Materials.— ('alculating upon an i.H per ( ent. waste during the 
j)roces.s of melting and conversion, and with pig iron ni 65* and scrap at 501. 
per ton, tlie cost ot raw m.Ucrials and physic per ton of steel in ladle, using 
30 jrei cent, scraj) diargts, = ^'3 175. i)d. 


Summary of Cists 

Cost of plant, /j roo. 

L o d. 

Depreciation and interest o ^7 

Repairs and stores ... o H 6 

Fuel ... ....062 

labour -f 50 per cent, for management , . o 12 o 

Power . . . ...015* 

Raw materials • ,• • • . . . . t >7 b 

Total cost per ton of liquiti steel • • /,S 9 2 


Tropfnas “Baby" COnvertfr Plant 

Cost of Steel per Ton. — The following costs have been supplied Iry the 
Tropenas Converter Co., New York, and are based ujion a converter of 
1000 lbs. capacity, working 2 days only per week and prodiK ing 12 heats per 
day. No furnace is used for melting the additions added to the charge after the 
blow, the physic being added in the solid state. 'This, of course, is a common 
practice in this country when making steels of low carbon content. Even then 
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it is always advisable to heat the ferro-nianganese before putting it into the 
charge, as there is otherwise a danger of lowering the temperature^of the steel 
too much. 

Analysis of pig iron used : — 


3'^ to 4-5 % 
o 5 to 2-0 % 
rS to 3-0 % 
o’o6 % 

0-05 (maximum). 

/■ ^ 
18 r 

6 I 


Carbon 

Silicon . . . , 

Manganese . . 

Phosphorus . . 

Sulphur . . . 

Cost of production : — 

9700 lbs. pig iron @ 871. U. per ton . . . 

4900 lbs. steel scrap (aj G2s. (h/. per ton . 

2100 lbs. coke for cupola i 6 s. per ton 
620 lbs, limestoqti («) loj. 5^/. per ton . . . 

One man and helper for cupola 

10 h.p. for cupola blower 2^. per k.w. hour 
300 lbs. coke for converter .... 

30 h.i). for 3 hours for converter blower (a) 2], I 

per k.w. hour 

One man and helper on converter .... 
1460 lbs. ferrO'Silicon (ii) ii6f. 8</. per ton . 
216 lbs. ferro-manganese uii 187?. 6//. per ton 

Aluminium ... 

Linings for cupola and converter . . 

Power for elevator and tilting converter 
General expenses of manufacturing .... 

Total . . 


o 

o 

o 

0 

4 

1 

0 

1 

0 

5 

/■ti 


1 6 

7 

2 

14 

18 


10 

6 

7} 

4 

8 


2 

9 

5 

'll 
" j 
1 1 
10 

7 

2 


5 5 


The cost of liquid .steel in ladle = id. per American ton (2000 lbs.), 

or J [,1 ^d. per ICnglish ton. 

It will be observed that the prices per ton of pig iron and scraj) are much 
higher than the English prices iip^m which all the othei costs have been based. 
The price likewise does not include charge for depreciation of plant and interest 
on capital. 


The Stock Patent Oil-ITred Converter. 

General Description. — The special outstanding features of the Stock con> 
verter are found in the use of the converter vessel for melting the charge, instead 
of the cupola or other melting furnace ; and in using hot blast in the conversion 
of the metal when melted, the blast being heated by the waste gases from the 
fuel used during the process of melting. 'Pho em})»oyment of oil for melting is 
also an important feature, inasmu<ih as no sulphur is imparted to the material 
during melting, as is the case when pig iron and scrap are melted in the cupola 
with coke as fuel. 

The plant consists of one converter mounted upon pedestals with roller 
bearings, which are fixed to a turntable capable of rotation in a horizontal 
plane. The movement of the turntable and the tipping of the converter are 
both obtained by means of electric motors operating through suitable gearing. 
The 3-ton converter has one single row of tu>eres, seven in number, each 
ij inches diameter. The blast box is so arranged that the seven oil jets can be 
fixed in the tuyeres ready for use in less than one minute. When the melting is 
completed they can be removed from the tuyeres and the plugs put into the 
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blast-box cover and the converter placed for blowing, in less than two minute 
The converter is lined with silica bricks in the ordinary way. 

One high*pressure blower of the Roots’ type is used for supplying the a 
for melting and converting. It is coupled direct to an electric motor mounte 
upon an extension of the blower bedplate. Instead of the pipes being carrie 
from the blower direct to the converter, they are coupled to a series of pi[H 
arranged in a brick chamber which receives the waste heal from the convert( 
during the melting process on its way to the chimney. The other end of tli 
series of pipes is connected with the converter. 

The heating chamber bears a strong likeness to a (ireen’s Ixonomiser, bi 
instead of water passing through the pipes to feed the boiler, air is passe 
through them for the converter. The construction of the pipes and joints i 
the healing chamber allows for liberal expansion and contraction due to tli 
change of temperature. At the mouth of the chamber wheie the gases enter, 
wall of chequered brickwork is placed, and in this manner a good lemperatui 
is maintained just where the air enters the heated /one on its way to the cor 
verier. The temperature of the air as it enters the converter is raised by th 
means to about 260 ' 

In the general arrangement^ of the plant, shown in Fig. 121, it will be observe 
that the oil storage tank or reservoir is placed near the blower house. It 
convenient to place the tank in j>roximity to the railway siding to facilitate loac 
ing and unloading supplies of oil. 'I’he oil is pumi)ed from the tank to the coi 
verier vessel through suitable pipes and valves terminating in a tiexiblc tub( 
which is connected to the oil burners fixed in the blast box of the converter. 

The electric and blast controlling gear are placed in the blo\Ner house withi 
easy reach of the operator while he is w'titching the blow. 

Operation of the Plant 

Heating the Converter. — As the melting of the pig iron and scrap is carrie 
out in the converter, it is necessary to heat the vessel before charging the ra 
materials. This is done in the usual way by lighting a wood and coke fire an 
allowing the brick lining to become hot. The coke is then removed, the 0 
jets introduced, and the blower s-.arled. A pressure of air of about ^ lb. to 1 11 
per square inch is applied during the heating, which usually takes about on 
hour. The temperatuie of the vessel after one hour’s heating is from 1500 t 
i6oo degs. C. The oil consumed during the hour is about 50 to 55 gallons. Durin 
the operation the converter is lying in the horizontal position with the hot gast 
issuing from its mouth into the heating chamber. 

Charging the Raw Materials. — 'I’he materials are charged into the coi 
verier while it is lying in the horizontal position at right angles to the blowin 
position. Three men are employed for the operation— one man holds a 
ordinary “peel,” which rests on a bar fixed across the mouth of the converte 
and which he pushes forwaid witti the pig iron placed upon it alternately by th 
other iw'o men. Only six minutes are taken to charge about 45 cwts. AfU 
charging, the converter is turned round its vertical axis with its mouth in lin 
with the heating chamber, and the melting is commenced. 

Melting. — The pressure of air used during melting is about J lb. per squar 
inch, and the oil consumed about 30 gallons jier ton of material melted. Durin 
the process it is usual to turn the vessel round in order to examine the charg 
and stir the metal when it becomes fluid. The time taken in melting is fror 

to 1 3 hours for 45 cwts. of pig iron. Immediately the melting is completer 
the oil jets are removed from the blast box, the vessel tilted, the level of th 
‘ Illustrated b) kind permission of Messrs. Thwailcs Bros., Ltd , Bradford, 
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metal sighted, the plugs fixed in the blast box, and the blowing eommcncod; 
these operations take about two minutes to eomplete. 

Blowing. — At the start of the blow, the air pressure is ahoiu lbs. jk'r 
square inch, ami in from 3 to S minutes, according to the tempeiature of the 
charge and its ciimposilion, the “ light " apjKars. I'he oxidation of the silicon, 
manganese, and carbon proceeds in the ordinary m.inner, and the picssure varies 
from 2|| to 3}, lbs jkt square inch until the blow is < omj)letcd. I bis operation 
lasts from 18 to 25 minutes, at the end ol winch time the convener is turned 
down and the phssK added in tjuaiUily, form, and composition accoiding to 
the (juahly of liie steel rcquirid. 

Pouring. — 'The stetl is poured into a ladle suspended honi an overhead 
crane, and afterwards shanked as rcijuiied. Asa rule*, its tt'mjieiatuic is eijuai 
to lliat of crucible steel usctl tor the tliinncst classes of steel ( .istmgs. 'J'he steel 
can be carried in shanks for a consulciable distance, maintaining .1 good heat 
until tile com]>l( te cliarge is cast. 

General Conclusions, (i) In following the opci.iKon of this plant fioin the 
heating ot the vessel to the [Hnimig ol ^le /misli(“d steel, (lie .simplniiy, cic*anli- 
ness, and the small aiiKnnit of labour rc(|micd, .irc \cry pronoijiu cd. '1‘Iic i.ipid 
moN(‘nu.nt ol tlu* ^'on\i 1 1( r in tlic hon/ontal and vcrtu.d plane in k sponst* to 
the operator's iisi- (>f the elci trical » ontrolb r, the fudlom ol ('bullition ol slag 
during the blow, and the c.ise with which tlu* tbtee men « nqdoycd gel ibiougli 
their work, at orn e (omnniul the process. 

(2) When jUg iron ol the following an.d^sis is used m the [irouss, steel 
giving 2810 30 tons tciiai'ity w ith 30 per cent, elongation on .1 b n.ah ol 2 im lies 
can hi' regularly (^blamed alter .unualmg. 

. ,r5 10 4’o 

Silicon ... . . 2 o to 2*3 

Manganese . , 10 to re; 

riKjsplieirus . ... . O'O ; to 

i:5nlj»liiir o-o3toooj'3 

(3) d'lie drawback to the general .nloptmn e)r tin proe e ss Iks in llie lime 

takdi to prodiK'e eae h Iical. When outputs .ire le-ejuircd, ibis obje e Uon 

('an be e)\i re omc by the use of two or ihue e ^nve ite;is, the re by obtaining 10 <»( 
15 heats cf steel resjeectivcly, instead of 5 pe r day from the one coiiveiteu. 

Output and Cost of Plant ( 3 -ton Converter) W ith enu' (emveiicr eii ; tons 
ca[)a(;ity, and one sjiare- ceiiue-rtei tor use- on allern.ilej days, an output of 52 lems 
of liepiid steel per week is t.ikem working 2 ton beats 

'1 he cost of the! jilant, including one converter riKKnited on reitaling table- 
and e,perate-d by motors lor lipping and rejialmg, togeilu r with bboved and 
motor and all J)ij>es, one spare vessel, ejil i.mk, chninie y, booe), wcighbrnlge, 
and overliead e rane = aj)jire)\. . , , . 

Jhiibimgs and brickwork . . ... 5e<o 

ioundalions m. . . , 200 


Total . . J .\ooo 
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* Summary of Costs 

C I- 

('harge for depreciation io%, 5^0 and 2^%, and interest 5% . o 4 5 

Repairs and stores ... .... .090 

Fuel oil (40.]^ gallons (wj 2.J//. gallon) .085 

Labour 4-' 50% for management 046 

Power for jilant and crane (44 units (u) \ti. unit) o i 10 

Raw materials (pig, 65^. per ton and 20% of scrap 50J. per ton) -3180 
Royalty ...-034 


Total cost per ton of liquid steel . . jCS 9 ^ 

Fig. 122 shows a half-ton Stock converter being charged with cold pig iron. 



Fii’,, 122. -J-ton Stock Converter being charged, 




CHAPTER XXIH 


coMro.s///(\y (7/jA-<;/'.s' F.\ivi.o\in \\n asm.ysf.s a\f 

rs/..s OF SlllFL FKOl)l\Fl) IS FA/A/! A/FF COS- 

VFF/JF JO AMs 

SiH'i. castlt^^'^ u«Mgli>ii4 from a few oun< c's to scv^-ral tons carli, an' made 
rt‘mjlarly by Miiall btssenur etiiivertf 4s m (.r<al Hiitam, (immatjy, lU'l^mm, 
l''ranC(*, Xim n< a, and nsany oilier eoimtin s. Hot steel i an be made by tins 
|iio(i_ss that Nsill yo\N as easily as eimil'K- steel into moulds ol mtrn ate di si^n 
and ol ver\ t!un seeUon riu' in« reasma numln 1 ol small plants vsbuh are 
benpa installed beais testimony to then adaptability loi making not only steel 
for eirdinary tastings, but for doing \\ork \\\\u h se\iral je.irs ,igo was ('onsulered 
too ebflii nit for any but the < nn ible process. 

Uses of Bessemer Steel Castings, .'^m.dl Ih-sscmer conveiteis produre 
steel for raibsay and tramway trac'kwoik, mining, i rushing, eolliery, marine, 
h)draiiht, ordnance, naval, tl< < tn< .il, ^nd gt m r.il ciigiiueimg steel (aslings. 
It IS sonucslut dittieuk to say which class ol si. » 1 castings (langmg in wught 
from \ Ih. to go. 000 Ihs.) ('ould not be made Irom steel produc. d by lire 
Ik'sseiner surfac. -blown prot'esses. 

'I'hc following may be regardcal as l>pnal classes or sections in whn h steel 
castings may lie grouped, and apply not only to tb.jse prodiKtcl in the surlaec- 
blown and all kinds cd small llesseiiKr plants, but to small o[» n-ln attli fiirnacci 
plants and c 1. c trie furnaetj, ; 

1. (jtneral or ordinary steel castings, whiji include the demands Irom all 
branches of eiiginc-ering, win re no U sis are spec ilu d, and whete 
gciural wear only r> reijuir. d, and the castings arc: not subjeeted to 
more than ordinary stress, s. 

In this seelion a large number of the castings would not be inacbmed, 
and those \diicb are ma< hmed would lie in pails only. 

2 I a'-lmgs whic h are not subject, ci to s[>e< lal slnsscsoi undue w. ar, but 

are mac limed on most ol the ir surlac es and reepnre [<) be sc^und more 
for the sake of aj)[)earanre than foi sab ly. • 

3 ( astmgs subjected to shocks and rolling w.ar. 

4 ( aslings which are stibjccted to e.xcwssive wear and stress, hut the 

ai)pearance of their suifaces is not important. 

5. C.'aslings subjected to bursting pressure, which reejuire to l;e sound when 

machined. 

6 . Castings for electrical pur[)oses, where high permeability and .soundness 

are of importance. 

7. Castings which are sjx:cified to give definite physical and chemic.al tests, 

^ according to the purposes for which tiiey are recjuired. 

Castings included in the ’Various Classes.- Castings of the 1st class 
include : — 

(a) Colliery and mining wagon, barrow, truc k, bogie, and all kinds of wheels, 
which are bored only in the hole in which the axle fib. 
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Also all kinds of brackets, pedestals and rollers used in mining and 
colliery haulage. 

(b) Rough toothed gears, brackets, pulleys, rakes, etc., used in gas, chemical, 
and other manufacturing establishments. 

{c) Marine,- hydraulic, ordnance, railway, and general engineering, where 
various castings are not subjected to special wear or stress. 

Castings of the 2nd class include; — 

Parts of high class machinery such as guards, covers, brackets, foundation 
blocks. 

Castings of the 3rd class include : — 

Gearing of all kinds, and rolling mill pinions, where reversals cause heavy 
shocks. 

Castings of the 4th class include : — 

(^7) All the wearing parts of crushing, stamping, grinding, dredging, and 
screening machinery used in mines, quarries, dredgers, cement works, 
steelworks slag* plants, refractory material works, and elsewhere, 
including— crusher jaws, check plafl's, toggles and grooves, stamp 
heads, shoes, dies, wearing and screening plates, hunch plates, knives, 
balls, mantles, concaves, etc., which demand the tetughest and hardest 
material. 

(b) 'I'rackwork for railways and tramways, such as special intersection work, 
including [)oints, crossings, special rails, etc. 

Castings of the 5th class include : — 

Hydraulic cylinders, pump bodies, valve castings, air chambers, gas and 
steam-engine cylinders, etc. 

Castings of the 6th class include : — • 

All kinds of castings for electrical purposes such as motor cases, frames, 
poles, and covers. 

Castings of the 7th class include : — 

{a) Railway and wagon wlu'cl centres, horn blocks, bolsters, butfers, frame 
stays, and all other castings for locomotives, carriages, and wagons. 

(/») bridge bearings, foundation blocks, and other bridge castings subjected 
to stress. 

((•) Wearing parts of machi^jery for ships, also anchors, bollards, etc. 

{d) Ordnance steel castings for gun carriages, etc. 

Analyses of Castings in the Various Classes.— I'he table on next page 
gives the analyses of .steel suited for each class of casting. 

The above list of analyses docs not represent all the kinds of steel made 
by the steel founder. 'I'he aim, however — and rightly so — of steel casting 
makers, is to reduce as much as possible the number of kinds of steel manu- 
factured, as cost and confusion are thereby minimised. 

Castings supplied to Specification.— All classes of steel castings, except 
those used for electrical work, vide Class 6, are usually annealed. In the case 
of manganese steel castings they are specially treated. Different kinds of 
castings supplied to the specifications of engineers and others are too numerous 
to mention, but two analyses are given under Class 7, of steel suitable for 
castings having wearing surfaces, and locomotive and wagon castings. The 
liritish Engineering Standards Committee has done something to reduce the 
number of specifications which exist for the same class of castings, but very 
often the requirements of specifications are too exacting, particularly over non- 
essentials, and some conditions stipulated are impossible to fulfil. Steel manu- 
facturers who undertake test-work often groan under restrictions and conditions 
against w'hich their common sense and practical knowledge rebel. Sooner than 
run the risk of rejections, they refuse the work or quote a price which prevents 
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the orders being placed with them. Other manufacturers who undertake the 
work and find it difficult or impossible to comply with the tests demanded, 
are tempted to adopt doubtful means by which the tests are made to pass 
inspection. 

The following list of specifications gives some idea of the variation in the 
tests called, for from castings used for similar purposes : — 

TABLE LXITI 


Si'U IFICATIONS KJR S'l KKf, CASTINGS 


C'omiiaiiy. 

Kind of c.istings. 

'Itn.icity ] 
tons per , 
wi intli. 

f lontation 
% on j". 

Other conditions. 

G. C. Railway ( 1910) . 

(^ual.ly A. Castinj;s 
with weaiint^suirace^l 

40 to 45 

12 

S and P not more than 
O'Of/. 

(» 9 >o) . 

Quality JC Other 
m‘ner.al ca^tingi 

30 to 34 

24 to 20 

S and 1 ’ not more than 
0 07/^. 

,, (« 9 io) • 

Wheel centres. 

28 

24 

I’ round licnd, 
round 2^" bar, 

S and nut more than 
005%. 

Caledonian Railw.iy 
(1900) 

Wheel centres 

32 



Central Argentine Rail- 
way (1911) 

Wheels for rail 
trolleys 

34 to 38 

I 6 

90^^ bend. 

G. W. Railway (1S98) . 

Loco castings 

1 28 (0 34 

20 

M ,» (I 9 <^i>) • 

Wagon wheel centres 
an<l ordinary east- 
ings. Important 
general ca''tings and 
loco and tender 
wheel centres 

26 

*5 3" , 

90° bend ovcr2yTound 
b.ir, without frac- 
ture. Drop tests for 
centres. 


Castings with weal- 
ing surfaces 

: 35 

10 on 3" 


G. N. S. Railway . 

Ramps, double 

28 to 32 

25 

1" sq. bend, 90*^ over 

I V bai . 

London County Council 

Wheel centres^ 

30 to 37 

10 

i" round bend, 60® over 

3" 

Midland Railway (1905) 

Wheel centres 

28 to 34 

20 

il" sq. bend, 60'^ round 
a T radius. 

S and P nut more than 





0 ‘ 05 %* 


Test pieces are sometimes cast separately from the same heat as is used for 
the castings. As a rule this is only permitted when the castings arc not large 
enough to admit of test pieces forming a part of t^e casting, or where any risk 
to the castings is likely to follow by having the test pieces cast on them.^ 

Two pieces, one for tensile and the other for bend test, are cast with each 
casting in each heat. All the test pieces, however, are not used, selections only 
being made and tested from each heat at the will of the engineer or inspector. 
Should the first tests fail, a sufficient number of pieces remain for repeated 
tests. 

Chemical analyses and physical tests are not often specified together, 
engineers and others being content to specify limits for the phosphorus and 
sulphur only, with the physical tests. This is a sensible arrangement, as it 
leaves the steel maker a free hand to make what steel he chooses, provided it 
complies with the physical tests. The stipulation regarding phosphorus and 
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sulphur is necessary, as the proportions of these elements in the steel afford a 
fairly accurate itulev of its purity. 'I'hc presence of coj)i>er in steel is also 
objectionable, ami the maximum amount allowable in the steel should be 
specified. 

Composition of Charges (Acid Bessemerj.—In small llessemcr plants, the 
charges consist of pig iron and steel scrap melted together in varying proportions. 

With a charge consisting of pig iron only, it is necessary to use a low silicon 
pig so that the cupola metal will contain from 1-5 to 2 per cent, of silicon 
when ready for the converter. In ciiargcs where high [lercenlages of .scrap arc 
melted it is necessary to use pig iron containing 4 j>er cent, of silicon, or even 
more, in order to obtain a suthcient silicon content in the metal before blowing, 
do work ccononiKalh it is necessary to use all the scrap produced in the manu- 
facture of castings in the fountlry, which amounts to fiom 20 to 40 jier cent, of 
the total steel made, .Kiording to the class of c.istmgs produced. As a rule it 
is found adMsahlc t<^ buy other scrap to mix with the J^mndry s( raji and iiurcasc 
the jiercentage uicd in the chaye, thereby reducing the amount of pig iron, 
whicli usually ( osls more than sciap Vor ordinary hmndry castings, ol which 
tests are not r^ (juirt d, this practice is <ronomieal provid< d tin s( ra[) is not loo 
dirty. Old rail seraj) is fairl) n liable, a> the amounts ol phosphtirus and 
.sulphur III It are known, or (an he estimated witliout iiuirh eost. Miscellaneous 
light scrap is not so good, and it is very ollen a source of trouble and more 
costly m the end (although bought more duaply m the first instance) than the 
heavier and more relialilc scrap. 

For st<*(l castings made to specification, misc('llancous dnap scrap should 
not he u.sed for making steel in small Jle'semcr plants. Its use in the Siemens 
furnace is a different matter, wherr t<‘sts*can he taken and analyses made during 
the progress of tlie melt, wlm h is impo.ssihle m the Hessemer pro( t'ss. 
f In the acfd llessemer convetter it is not possible to remove phosphorus or 
J sulphur from die charge during llic [»roC( ss, and it is Iherefori,* essential to 
|waich the materials used - both pig and s< rap. 

' Charges. - -'riic following chaigrs are suitalile for steel castings of ordinary 
J^quality, such as are given in 'l able LX 11 , dasses i to C ; the only dilference in 
|the manufacture of one class ovtr another being in the eompositujn and (luaulily 
|of malt rials used as phvsic additions to the* blown metal. 'The chargi s are 
IliicUed in the cupola, and the following are t>]>ical of higb and low jug iron 
Icbarges with corresponding amounts of scrap 

Chaf^fs mdUd in the Cupola 


(1) Charge with higdi percentage of pig iron - 

Hematite pig iron (3'5% Si) 7 cwls.) 

Rail end and steel castings scraj) ... . 3 ,, I 

Limestone. • . to lbs. 

Fluorsjiar • . . . . 10 ,, 

Coke I lo i j cwls. 

(2) Charge with high pcrc(.nlage of scrap: — 

Hematite pig iron (4'b, .‘n) 4 cwls.) 

Rail end and steel castings scrap b ». f 

Limestone 45 lbs. 

Fluorspar 10 „ 

Coke , ij to cwt.s. 


For the above charges, the pig iron could be selected from any of the brands 
named in Table VIII, or from other hematite iron.s of similar analyses. 

It is often found advisable to vary the composition of the first few charges 
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melted in the cupola each day, as the cupola metal is not as hot for the first 
heat as in the subsequent heats. The variation consists of the use of a little 
more pig iron and less scrap, or from 5 to 10 per cent, of pig iron containing 10 
to 12 per cent of silicon. Each inciter humours the early charges slightly, in 
order to obtain the best results. 

The following is an ordinary composition for the first four cupola charges 
each day, when working with lo-cwt. charges 

rig iron, 3.^,% silicon 5^ cwts. 

Rail and foundry scrap : equal pro[)orlions . . 4 „ 

rig iron, 12% silicon J cwt. 

In the examples of typical cupola charges, the weights given arc 10 cwts., 
but it is not necessary to abide by this quantity. Often as much as 14-cwt. 
charges of pig and scrap are used, the amount of coke between each charge of 
metal being correspondingly increased. 

\Vhatev(.*r the nature bf the charge used, the result of the melt should pro- 
duce cupola metal having sufficient sil.con, iiianganesc, and carbon to give a 
rapid conversion from cu[)ola to blown metal in the converter. In this country, 
the practice is to obtain metal from the cupola which will contain from i‘5 to 
2'o per cent, of silicon, with manganese from o’5 to ro per cent. The carbon 
is usually over 3 per cent., even when 60 to 70 |x.‘r cent, of scrap is used, as 
the coke gives u[) its carbon to the metal during the melt. This practice, how- 
ever, IS subject to variation, as the pig irons used m other countries do not 
contain the same percentages of silicon and manganese. The follownng analyses 
of cupola metal ready for conversion to steel, are typical of English practice : — 

TABLE LXIV 
Anaiysis of ( uroi.A Mi.tal 


Natiiic uf cliaigc. 


Ilij^h pcicciitA^c of pig iron nnd low 

pcrtcnlaj^c ot strap 

lligli percentage of ^tr.ip and low per- 
centage of i)ig irt>n ... 


I’cr( ci»t.Tj;o of 
siIkoii in i>i4 iioi 
iiiellcd 


35 

4-0 


Atuilyscs of cupola inct.il 


3*5 

3-3 


2*0 

i‘S 


O' 9 i o'05 ()’04 

i 

0'7 1 Q 06 0’05 


The following table gives the analyses of the chaiges of blown metal before 
the additions are made : — 


TABLE LXV 

Analyses of MErAi. in Bessemi r CoNVERri-R after the F.iovv and before the 
Audi i IONS are madt 


Nature of cli.irgc. j 

I’eicent.i^c of | P 

silicon in pig iron | ^ 

Si j .Mn 

r 

s 


melted. 

% ro 

! 1 


% 

1 

High percent. aq;c of pij; iron and low ; 
perecntai^'c of scrap 1 

i 

. 1 

3'5 |0-‘ 

I Trace 0'075-0'l| 

j 

0*031 

0*03 

High percenta<:;e of scr.ap and low per- 

1 

1 Trace 0*075-0’ i ' 

1 


centage of pig iron 

4 0 0'09 

0*04 

|O’04 
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Mr. Percy Longmuir ' gives in the following table, the analyses of cupola 
metal before being blown in the converter, and also shows the progress of the 
blow at 5, 12, 14 and iS minutes. In the last column of the table, the analysis 
given of finished metal is that of good average mild steel castings, and was 
obtained by making suitable additions of ferro-alloys to the metal in the con- 
verter at tiie end of the blow. Steel of ditTerent analyses could, of«coursc, be 
obtained from ilie same blown metal by varying the amount and kind of ferro- 
alloys and pig iron additions. 


TAHl K LX VI 

AvMYSRS of MkIAI. DUkINO “ ItlX)W ” 


(•rnphito . 

Ci'inl)i!io<! ( (( 

Silii ' III 
Suliihiir 
rh(i^|ihiiri;^ 

Mangune-jo 

Loss of Metal in Melting and Blowing. - In the melting of the charge in the 
cu])ola, from 2 jjor cent, to 4 per cent, of the weight of the pig iron and scrap 
is lost owing to oxidation. 'Lhe cleanej^ the scrap the lower the loss. 

During the jirocess of converting the iron into steel, from 10 per cent, to la 
per Ce nt, is lo^t in o\idising the metalloids and the iron in the charge. 

Test Work.— (‘asiings supplied to specifications given under tlass 7, 'I'ahlc 
LXII, j) 2 15, are often m.ide from charges simil.ir to those on |Kigc 247. 
'I'hc pig iron used in these cliarges will produce steel castings which when suit- 
ably treated l)y annealing will give satisfactory re.sults. It is, however, better to 
use pig iron containing not more than 0-03 j)er rent, of jihospliorus and sulphur 
when working to specifications wiicrc a high elongation is demanded from the 
test pieces, as for examjile in wheel centres, w^icrc the reciuirements are — 

28 tons per square inch tenacity, 

2. 1 per cent, elongation on 2 inches. 

F(;r this class of work it is often advisable to use a low' silicon pig iron 
cb.uge only, or if a proportion of scrap is added, its analysis should be known, 
and the scraj) only used if low in sulphur and pliosiiliorus. 

With reference to the presence of suljihur in steel, it has been proved that 
when in the form of manganese sulphide it is not a dangerous element. Pro- 
fessor Arnold, b.R.S., who made the valuable discovery that the whole of the 
sulphur in steel separated in the free state as ^ulj)hide of manganese when there 
was sufficient manganese to combine with it, showed from his investigations ^Ihat 
“Sulphide of iron is deadly in its effect upon steel, whilst sulphide ofinangane.se 
is comparatively harmless." 

Mr. H. II. Campbell,^ in summing up his scries of investigations on the 
strength of open-hearth steels, states that “ the effect of .sulphur on the strength 
of acid and basic steel is very small." 

While on a visit to the United States in 1912, wc had the opportunity of 

‘ Paper on “ Steel Foundry Practice,” read before (he Manchester Aiisociation of Enginecri, 
KeL. 26th, 1910. 

* “Journal Iron and .Steel Institute,” 1903, I, p 142. 



Alt. 1 

Allrr 

13 iniUH. 

Aficr 

14 tiiin<. 

Artrr 

18 Dllll«. 

Kh.l of 



l'ii,*>* ui,; 

bU.w ID,;. 



3 ‘iS 

2'02* 





o' 3 S 

O- 

2-92 

3*3 

0 So 

o‘ I 

• 2-31 

1 '(>J 

t)'46t> 

()• tSi 

0 OvS3 

0074 

0-017 

0037 


0 Og) 

o'u jK 

o’o^S 


0053 

o'osi 

0-053 

O'OSI 

0-050 

0 (ii 

o*r>o 

o‘ 101 

0 0.3 

0-040 

0-042 


h Imslipil 

IllCljt. 


0*24 

0*32^) 

o'<M7 

0 '0f;8 

I ‘080 


* /M., 1904, 11, p. 61. 
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witnessing the rolling of ingots of basic steel, which contained o i^ per cent, of 
sulphur, At the works where the rolling was done it was found that by 
gradually increasing the amount of sulphur, with a corresponding increase in the 
manganese content, a better finish w'as obtained in the machined products made 
from the steel. The manganese in the steel was 0 65 per cent., and the phos- 
phorus o‘cc5 per cent With a lower percentage of manganese the ingots 
cracked while being rolled. 

Dr. J. E. Stead, F.R.S., says’ it used to be considered that manganese 
should be in at least six times the proportion of sulphur, and his own experience 
was that it was safer to have eight times as much, lie had met with steel rails 
containing as much as o r6 per cent, of sulphur, giving good results in this and 
other countries. 

All these, and other investigations, have shown that sulphur is something to 
be reckoned with in steel, and while its presence in even comjaratively large 
percentages in the form of manganese sulfihule has proved to be of little harm, 
its absence in pig iron gives a more reliable result, paiticiilarly when used for 
steel castings either in the Bessemer or H^icmcns' processes. 

The ([ueslion of cost is often the determining factor in the use of high or low 
.sulphurous pig iron in steel manufacture, as steel makers fidtu practical expe- 
rience know that the results obtained from pig irons with a low sul[)hur and 
phosphorus content, ai(‘ better than from [)ig irons having high sulphur and 
phost)horus ('ontents. 

Composition of Additions to Converter Charges.- The materials used for 
physicking the charges of blown im-tal \ary in composition and weight according 
to the kind of steel re(|uire(l and the weight of the charge. Before any additions 
are made, the blown metal in thecoincrier contains as a rule about o-i [lercont. 
of carbon, so that when a soft steel is rctjuired such as in (.'lass 6, 'I'able I, XII, 
p. 245, the additions necessary to give the desired analysis consist of a small 
amount of ferro-manganese and ferro-silicon. \Vhen, however, a high carbon 
steel IS required, such as in ('lass 4, 'Table LXII, ]). 245, several hundredweights 
of pig iron, as well as additions of ferro-manganese and ferro-silicon, must be 
added to give the reiiuiiod (arbon, manganese, and silicon to the steel. 

Method of adding Physic to Charge.-— \\ hen only small percentages of ferro- 
manganese.' and fcrro-silicon are re^piired, they are .sometimes added m the cold 
state to the blown metal in the (onverter before the steel is i)oiired into the 
ladle. By this method a considerable loss of manganese takes place, which is 
usually leekoned at 40 per cent. W'lien the ferro-manganese is put into the 
ladle and the metal poured u{)on it from the converter, a smaller loss of man- 
ganese (about 20 per cent, to 25 per cent.) results. When \ery liquid steel is 
required for thin intricate castings it is at least necessary to make the ferro- 
manganese and silicon hot before iiultmg them into the ladle. When pig iron 
is used for carburising it is sometimes .added solid by throwang it into the con- 
verter, after dipping it in water. It is, how’cver, more usual to melt the pig iron 
and add it to the ladle or the converter in the liquid state. By this means the 
steel is kept more fluid than when solid materials are added. 

The materials used as a rule for additions are ; — 

(i) Big iron (cupola metal), containing from 175 to 2‘2^ percent, silicon, 
3’4 lo 3'S per cent, carbon, and from 0*5 to ro per cent, of manganese. 
(') Ferro-manganese. 

( 5) Ferro-silicon. 

( \) Special ferro-alloys, such as ferro-nickel, fcrro-chrome, etc. 

(5) ( 'alcium silicide and aluminium, to “ kill ” the steel. 

Ferro-alloys are manufactured which contain diftcrent percentages of the 

’ “Journal Iron and Steel Institute,” 1903, 1 , p. 147. 
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special metals; analyses of these are given in i'haptcr 11 , Section \‘I. which 
deals with ferro-alloys. 

Method of finding the Amount of Material required to be added to Blown 
MeUl.- -'riie W(.ti;ht of the charge lowhuii tlu .niditions are to he madi* is 
taken as two tons, and th.e anal)si'> ot die timshed steil re(jinrcd is as tollows , - 


Carhon . 
Sdicon 
Manganese 
Phosj>horiis 
Sulphur . 


o 40 to 0*45 
3 .. \ '■ 

o ‘75 o S 
o 05 ,, o 6 
o 04 o 05 


The Mown metal in the con\ert< r usuallv contains alunit o'l per cent, of 
carhon, and tra( es of silicon and manganese wim h can he nei;!* < ti d V hen ( al- 
(.ulalmg the ikci ssary additions. 'I he phos|)h<uiis .ind suljilmi m the blown 
metal depend upon the puiity ot the cupola metal, and .ue not diminished 
appreeiahly b) reason of the additions. • 


JLifr/ i<r/\ /e iinrnui /<.//;//,/ 

Assuming that /lie carbon m the blown m< tal is o 1 p( t « < nt , tin n o j per 
rent ol caibon must be added to make up the mimmuin p<it<ntag» n iiuiied. 
lly adding molten pig iron from the cupola, the blown im tal is tnmlud by 
carbon, silu'on, and manganese, as llie eui'obi nulal <onlams about.— 


('arbon ... y\ to g 5 "h 
Siluoii . . r 75 „ 2 -»5''h 

Nfang.inesi . , . 05 ,, i o 

It does not, however, c<'ntam these elements m the pioporlioiis to produce the 
anal)sis required, without addilnms ol ferro-m.mg.incse and leuo-siheon. The 
profKutiOM of ferro-manganese to he added to th<’ pig ii(»n must be ileteriumed 
by trial and error, and it is common to find the .imounl ol h iro m.mg.mese lirst, 
and afterwards the [)ig iron. In Imdmg lh< p< icuitages ot ( .obou, m.mganese, 
and silu'on re(}uirc<l for tiu; charge, the w( ighl ol (be .ul<litions must be 
estimat* d and mcluded in the weight of the (-l)arg<s for slei 1 b.ivmg the 
analysis above mentioned, (be approximate weight o( tin' .idditions is \ ( wts., 
liierefore the weiglu of the tol.d charge is tak* n at 44 ( wts 

Ferro manganese required - '1 he ferro-mangaiu se us< d lor the presi nt 
calculations contains <So j)tr rent. Mn, 6-5 per cent carhon, .md about r'25 per 
cent of silicon, 'rhe amount ol manganese requinil m tin* Imish'-d sl» id is 
075 {ler re.it. to o‘8 jier cent. Allowing for a loss of 20 peneni. to 2^ jx i c< nt. 
of manganese when adding it to the ladle solid, the ferro-m.uigaiiese lequired m 
the charge is as follows : — 

1^:1 a = jK-rccnlage of manganese required. Then allowing fora 20 jxV cent, 
loss— 

x ^ o •>/,. 

Assuming tliat the cuf)ola metal required will add o’o5 per ('ent of manganese 
to the charge, then nett manganese percentage o 957 - o 05 -■ o H87 7^. 

A Weiglu of ferro-manganese recpiircd - ^ ^ 

=- 53 lbs. approximatedy. 

The carbon added to the charge througli the ferro-manganese 


5.3 X 6*5 

43 X «i2 


= 0*072 


0/ 

/O’ 
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The carbon present in the blown metal = o'ro %, 

/. Carbon required to be added by cupola metal 

= carbon in finished steel — (o'lo -f- 0*072) 

= 0*4 — 0*172 = 0*228 %, 

. • f' > - I 43 X 112 X 0*228 

C.upola metal required = — . = 323 lbs. 

3 4 

As the cupola metal contains 0*7 % of manganese, the above 323 lbs. will add 
to the charge the following ix,Tcentage : — 

323 X 0*7 . , 0/ r 

= o 047 /o of manganese. 

In calculating the amount of ferro-manganese required, an allowance of 
0*05 per cent, was deducted from the total percentage wanted in the finished 
steel, 'rhe above gain of 0*047 per cent, balances approximately the amount 
deducted. 

Ferro-eilicon required. — The silicon required in the finished steel is from 
o 3 per cent, to 0*4 per cent. I he silicon added through tne ferro-manganese 
may be neglected, as it is so small. 'I'he silicon added to the charge through 
the cupola metal is as follows : — 


323 X 2*0 

43 X 1 12 


0-134 %. 


The silicon rc(iuircd from the ferro-silicon added therefore 


= 0*35 - 0*134 = 0*216 %. 

Using ferro-silicon containing 75 per cent, silicon, the following weight is required 
to give the additional 0*214 per cent, to the charge ; — 

43 X 1 12 X 0*216 

:= It bs. 


The total additions, therefore, ,,*0 a 2-ton charge of blown metal containing 
0*1 percent, of carbon, and traces only of silicon and manganese, to produce 
a steel having the following analysis : C, 0*4 per cent. ; Si, 0*35 [xr cent, j Mn, 
0*75 per cent, are — 


Cupola metal . . . . . . 323 lbs. 

Ferro-manganese (80 %) . . 53 lbs. 

Ferro-silicon (75 %) . . . i3r Ihs. 

Calcium silicide 2 lbs. 

Aluminium i lb. 


The calcium silicide and aluminium arc added to the ladle while the metal 
is being poured from the converter, and have a very subduing effect 
upon it. 

From the foregoing calculations it is obvious that the time required to 
find the additions for different kinds of steel would be considerable, particularly 
where the charges vary in weight. The following tables give the additions 
necessary to produce steels of the analyses given in Table LX II, page 245, 
when the charges vary m w*eight from 35 to 45 cwts. These classes of steel 
cover most of the ordinary steel foundry requirements. 
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TABLES OF PHYSICS 

TAULK I XVII 

Physics to producf. Stfki. icavint. thk i’ouv^wino Aa^msis: C'^KUoN, 0-4 10045 ^: 
Silicon, 0*3 to 04 /^; Man^.anksk, 075 u* Siii\jiii kuk, Okmnakv 

I.'ASIINGS 


Weight of cupolji metal anJ fcno-jlI«’> > ithV.I t > > h.\»ji;r 


Weight of 
charge of 
blown 
metal 


C upola metal, 

( oQtairiing 
(■ Si Mn 


Keiro-niaiij^ uirsr, 
(.oxitaiiiMg 

Mn Si 

t<) u', a 0 i% > r , J 


>fllo 11 , . 

< >*,.(411111 g ( .ill I 

M i I .1 „ 1 


cwls. I 

\\« 

lU. 

Ih. 

11,. 

35 

2S9 

46 5 

n 46 

1 75 


297 

^ 4S 0 

n 5 

I 75 

>7 

3 ‘h 5 

4 ‘> 5 

ti 

1 :s 

3 ^ ; 

3«3 

75 

12 0 

2 U 

39 

3»2 

52 2S 

12 s 

2 0 

40 1 

3 ><^ 

5 

12 

, ' 

41 i 


75 

1 > 3 <» 

1 2 0 

42 

.^ 4 <> 

50 25 

1 ; 5 

2 0 

43 

3^5 

57 75 

i » t 75 

2 

44 i 

3 <M 

Sou 

1 J 4 '» 

1 ^ -*5 

45 i 

37 > 

tna 5 

M 2 , 

i 2 ;s 


TAPiJ-: i.xvni 

PaVSKS TO rRODIS K SrRFL MAVIS. . ll/l* luI^.iWISO ASMNSIS* ('aHIUiN, O'] TO 
o : Sii K ON, 0 5 10 o 6% ; Mano\m -.i , o H t-. o 9^^ St.ii muj. iok ('asiinos 

TO I f MACHINfD 


Wciglil Ilf cuix^lj inelal and ferro ailo)* added to charge. 


Yelght of 
h.rge .,f 

1 ‘i.wn 
me (ah 

Ciipxjla ineial, 
OJiilaining 
(' S, Mn 

F'crri/'inantjaiH se, 
coni lining 

Mn t. Si 

heir(/-Mli> on, 

0 >||| JIIIIIIL 

Si L 

( .1, 1 ,,n 
>rii, i.i, 

Ahiininiiiin. 


.4 "a V0% 07% 

‘■,.1% 05':;, I V5'':, 

7 V>% 0 5% 



< Wic 

Ihs. 

* ih. • 

11 ,* 

lU 

111 ,. 

35 

179 

9^75 

2^5 

>75 

1 

3 ^» 

184 

5225 

25 25 

1 75 


37 

; 189 1 

5375 

20 rj 

'75 


3 S 

j 194 i 

55 '« 

26 5 

2-0 


39 

1 ‘W i 

59 5 

27-25 

} 2 0 


40 

1 204 1 

580 

280 

2-0 

1 

4 * 

209 ! 

59'5 

28 75 

2 0 


42 

1 314 

61 0 

29-5 

[ 2’0 


43 

i 219 

62 25 

300 

2'25 


44 

j 224 

637s 

3075 

j 2 25 


45 

j 229 

6525 1 

3*’5 

2-25 
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TAliLK LX IX 


Physics to produck Stfkl having inh following An\lysis: Carkon, 0*65 ’to 
075%; Silicon, 0-4 10 o‘5%; Mn, 07 to 08%. Suhmjle for Light (iEARiNG 
Casiin(.s 


W«jghi oftuj>ola mctnl and ferro-alloys added to the charge. 


Weight of 
charge of 
blown 
iiietaL 

Cupobmttal, 
uont unmg 

C -Ni Mn 

3 ^% »■<>% 1 ^ 7 % 

Fcrro-manjjjaricse, 

containing 

Mn t’ Si 

600% 65% 135 ';:, ! 

Fcrro-silicon, 

LOntainmg 

Si L 

7 s^'% o.v;:, 

ralciiim 

siliodc. 

cwls 

lbs. 

lbs. ! 

lbs. 

lbs 

35 

656 

42 5 i 

875 1 

175 

36 

^75 

43 75 

1 9-0 

175 

37 

694 • 

44 75 

9 25 

1 »75 

3 H 

712 

49'0 , f 9‘5 

2 0 

39 

731 

47'25 

975 

2 0 

40 

750 

4^-5 

! lo'o 

2-0 

41 

7(^9 

49 75 

' 10 25 

* 2 0 

42 

787 

51 0 

105 

2 0 

43 

806 

52 0 

1075 

2 25 

44 

S25 

5325 

I ro 

2-25 

45 

844 

54‘5 

11-25 

2 25 


Aluminium. 



TAHLK r.XX 

i’lIYSlCS TO I'RODUCF SlU'L HWlf.'G IHL lOLloUING AN\IYMS: CaRBON, 0’35 TO 

o’45%: Sir ICON, o'2 to 03;^^; Mam.aM'Si, 07 to Suitable fuk IIkavy 

(Jkarinu, CAS'IING.S 



Weight of cupula metal and fcrio-alh^s added to the cliaige 

Weight of 





Cupola metal. 

Feiro-m mg in< sc, 

Ferro svln on, 

Call lum 
siliLide. 


Cll.ll gt of 

niet.il 

cunt lining 

C Si Mn 

containing 

Mn C Si 

conlaUiing 

Si c 

Aluiniiiium. 

• 

3 4 ";, i 0% 0*7% 

80 u% 6 5% 1 .'5'^;) 

750 % 05% 



cwts 

Ihs. 

• lbs. 

« 

lbs. 

lbs. 

lbs 

35 

227 

43 75 

6-25 

175 1 

36 

234 

450 

6 25 

17s ! I 

37 

340 

46-25 

6-5 

*75 1 I 

38 

247 

47 '5 

675 

20 1 

39 

1 253 

4875 

6 75 

2-0 


40 

260 

500 

70 

20 

1 

41 

266 

5 *- 2 S 

7-25 

2-0 

1 

42 

273 

525 

7-25 

2-0 

I 

43 

279 

5375 i 

7'S 

2 25 

I 

44 

286 

55*0 1 

775 

2-25 


45 

292 

5 <>* 2 S 

775 

2-25 
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TAIUK I XXI 


Physics to proih’Ck Siefl having ihl joi low in*. Anam '^is : ('aki'.cn, 10 to ras'’, . 
Sll K ('N, 02 TO 0’3 ; M WCAN^sF, 10 0 Jo 12 0“ M 11 I JOR (AVI I M.S st H| > C 1 M ' 

TO Great Wear. MAM.ANtsF MhEi. 


Weight of 
charge of 
blow n 
meui 


("WtV. 

35 

3^ 

37 

3^ 

V) 

40 

4> 

42 

43 

44 

45 


Weight of LujK'b rnOal .uu! IriK 

-allo\» Ailile.l 1 ' Ml tjgr 


C iipob metal, 

Feito-n-jnganc-e, 

IeT-OM'> ‘ 


(.ontjii mg 

ton' u, i ig 


Aumiii 

; ''1 Mn 

Mn ( ‘'1 



% 07"^ 

Kv.o% Ci% . 

'0 ^ . 


!h> 

ih.. 

1 .% 

u . 

Noiio 

7^7 

N. in- N - 1 . 

N.'ii 


Sio 




Kp 



* » 

•sr; • 


•• 

1 1 




• 

022 



* • 

045 



11 

, 9<'7 


M 

) « 

i ‘/'O 




; loij 

.. 

*' 




t\t:i r 1 xxii 

Physics TO I'Roi'tTF Stfh iiwist. im i < >1 1 "W i^'. Anma i , • r > c .n, o 7 10 oS 
Ml ICON', O 4 I ( 1 O 5 , , M \ NuAM ^E, O 75 1 < ) O S5 , (. II k"M : l M, o l " I O ' I I MU E 

K(jk c \SJ INGS SUEJH 1 I 1 > 10 W I AK. (IIK'.MI SllM 


Weight of ( 
chat gf of j 
blown 
mctaL 


of (.up i'i iiietal an i fciio all n ^ j I'le*! t > > 


*Cupoh tn' tal, j h rrro-rnaiiK uir^'-, ! F err'/ mIio ,n, l-rr -1 

cent iinnit; t < idi un.ug ; i i.' oo 

C ^1 Mn I Mn ( Si ] Ni l ^ ( r 

3 4% 2 o'/o C 5% i 35% ' 7S ',<> 'o* 



Abnninliiiii. 


cwt«. 1 

ihs. ! 

• ib^. 

n-v 

lb 

35 ! 

787 ! 

48*0 

5 25 

1 40; 25 

36 

810 1 

49'5 

5-5 

j 4> 5 

37 

«32 i 

50’75 ! 

5-5 

42-5 

3 ^ 1 

« 5 S i 

52-25 

5 75 

! 43 75 

39 

S77 

53'5 

5 75 

, 44 ’75 

40 

9fX) 

55-0 

00 

49 0 

41 

922 

56'5 

625 

1 47'25 

42 

i 945 

1 57'75 

6 25 

48-25 

43 

1 9^7 

59-25 

^•5 

49 ■ 5 

44 

1 99<3 

60-75 

6'5 

50-5 

45 

1012 

63-0 

j 6-75 

5*’75 


I 

I O' 5 

I o s 

I o 5 

I 05 

i O' 5 

I O' 5 

I 1 0-5 

I : 0'5 

1 1 0*5 

* o'5 

I o'5 
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TABLE LXXIII 

I’llYSICS TO PRODUCE StEEL HAVING THE FOLIOWING ANALYSIS; CaRBON, 0-4 TO 0‘6%; 
Sii K ON, 0-4 10 0 6%; Manganese, o-8 to o 9%. Sui fable for Castings subjected 

TO I’RESSURK, SUCH AS HYDRAULIC CYLINDERS, LlC. 



Weight of cu|)ola metaU and ferro-alloys added to the chaise. 

Weight of 
cliari;*" of 






CtiRola metal, 

Ferro-mang.incse, 

Ferro-silicon, 



metal. 

Containing 

C Si Ml) 

cont.iining 

M n C .Si 

Containing 

C.ili nnn 

Aliirnininiii. 


14 % <^ 7 % 

6 5% 1 25 % 

75 ^% 1 ^ 5 % 



cwtt. 

lbs. 

lbs. 

lb^ 

lbs. 

lbs 

35 

297 

50-75 

15*0 

1*75 

I 

36 

306 

52-25 

*5*25 

*•75 

I 

37 

3 M « 

53*5 

* 5*75 

1*75 

I 


323 

55*0 

16*25 

2*0 

I 

39 

331 

56- 5 • 

i 6*5 

2*0 

I 

40 

340 

580 

170 

2*0 

I 

41 

34 « 

59*5 

» 7-5 

•2 0 1 

1 

42 

357 

61 *0 

• 7*75 

2 0 1 

I 

43 

3^'5 

62*25 

18 25 

2*25 

I 

44 

374 

^>r 75 

*^*75 

2-25 I 

I 

i 

3«2 

^> 5*25 

19*0 

"IJ 

I 


TABLE I XXIV 

Physics to produce Stem having iin- foliowinc, Anaiysis: Carbon, o‘i to 0 * 2 %; 
SILILON, O-I 10 0 ' 3 %; MaNGaAiSK, 02 10 04 %. bUlTAllIJ'- FOR C\'iliNr .3 FOR 
Elfctkical Work. Mac.nkf Sieel 



Wnght of cuixda metal and fer 

0 .illo>s .added to the cliargc. 


Weight of 






Cupola metal, 

Ferro manjjanese. 

Fcrro-silkon, 

Calcium 

biliLide 


ch.irge of 

blolMl 

IIlC(.il. 

coni lining 

C Si Ml) 

( ontaiiiing 

M n (' SI 

Containing 

Si t 

Aluminium. 

• 

3 4 Vo 3 0% 07% 

8o'o% 6 5% I 25% 

750 0 05% 



C\s ts. 

lbs. 

, lbs. 

•lbs. 

ll.s. 

lbs. 

35 

None 

150 

None 

5*25 

6*25 

30 

II 

*5*5 

It 

5*5 

6*25 

37 

i» 

*5*75 

II 

5*5 

6*5 

38 

It 

16*35 


5*75 

^>•75 

39 

II 

16*5 

It 

5*75 

6-75 

40 

II 

17*0 


6*0 

7*0 

4* 


*7*5 

>» 

6*25 

7*25 

42 


17*75 

I 1 

6 25 

7*25 

43 

II 

18*25 

11 

6*5 

7*5 

44 

II 

1875 

»l 

6*5 

7*75 

45 

ti 

19*0 

M 

6*75 

7*75 
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TAHLK LXXV 

Physics to produce Stiki. havino tuk following An\lm^is: Cnruon, 0*35 
SiLitx)N, 04 100*45%; Manoanrsk, 0*75 lo 0*85%. Suiiablk for c:\smnc. 8 Wrni 

BKARING SUkFACfS, AND Ti> GIVE A I'ENAi.irY OP 35 TONS PPR Sl*IIAKK 1m It WUK 
10% Klongaiion on i" • 


WrijuJil of K i«pv>l 4 tnrenl ami (t-rfo-allo^ ■» •iLlctI 10 tlw chatu^*. 


Wrif hi of 1 


- 




charge 1 

1 upola 

Fctru inangjur-c, 

Feito-iiluou, 

1 

('all HIM) 
'lIlLoll . 

j 

cnetal 

j 

f\'nLkitiing 

<. Nfn 

Mn 1 Si 

ionialUlllg 
, Si C 

( Alniriinmni. 


'4% 5 o'*:, „ 


' 7S'>*'\, 0 k'\, 


I 

c«t«. 

ll.v. 

IL^ 

11.^ 

Ill% 

IL*. 

35 

220 

' 4‘'-2S 

*7 ^ 

>'75 

1 

3P 

227 

49*5 

1 iS 0 

>'75 

1 

‘ 37 

233 

•Sio • 

i >i^‘5 

>•75 

I 

3Ji 

239 

52*25 

, 10*0 

2 ’O 

1 

39 

‘*♦4 

sr73 

10*5 

2 0 

1 > 

40 

252 

54*0 

, 2 i>*o 

2*0 

1 1 

4* 

25 s 

55‘2S 

20- 5 

2 0 

i 1 

42 

265 

, 5f>-75 

21 0 

2*0 

i 

4> 

27* 

i 58*0 

215 

2*25 

1 I 

44 

277 

! 59*5 

22*0 

2 25 

I 

45 

2h] 

00*75 

22*5 

ras 

1 
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PllYSK'S TO ' 

I'ROUULP SrKEI 

HAVl.N(i niF KOI l.n\VlN^ AnAMSIS 

C NUII' 'N, 

0*2 10 0*25 % ; 

SlLlC«»N, 

0*2 In 0 21 ^ , ; 

Mvn(;aspsi, 0*5 o 

) 0 6 , SUI 1 AIM K fuK 

Casiisi.s For 

LoM)MuI 1 VP, AM> SiMllAK WuUK. < 1 ' N 1 U 1 

S 1 1 J 1 




VN'ci^lil of cupola iiiftal at»<l U t ro alloy s .uMril lu < li.«i 


Weight of 
charge of 

met3il. 

Cuf»i)la inctjl, 

containing 1 

C Si Mn 1 

h crro iiiaiij^ani vc, 
Coiilaiiung 

Mil G Si 

P •-tr'i mIi' 'ifi 

1 C'Jiiiaintng 

; Si G 

( ilcnun 
iIk iiJi 

Aliiimnintn. 


i a 7 'ri ■ 

<- 3‘,'o 1 

1 


• 

CWts. 

lU 

• 11. 

• ISv 

It. 

11. 

35 

70 

3> 5 

1 8-75 

> 75 

• * 7 > 

39 

72 

3i 5 

! 9 0 

> 75 

>'75 

37 i 

74 

;;-25 

; 9 25 

> 75 

I 75 

3« ‘ 


34-25 

9 5 

2 T) 

2*0 

39 I 

! 

35 0 

, 9 75 

2 0 

2*0 

4‘> 

Krj j 

36*0 

10 0 

2 a 

2 0 

4* 

82 i 

37 

10*25 

2*0 

2*0 

42 

84 

37‘75 

10*5 

2*0 

2 0 

43 

86 ; 

38*75 

10*75 

2*25 

2 25 

44 ' 

88 1 

39 5 

11*0 

2 25 

2*25 

45 

9^ 1 

4«'5 

I >« 25 

2*25 1 

2*25 



PART III 

TlliC 0P]':N-I1EARTH process 


chaptp:r XXIV 

TIIK ACID PROCESS 

'riiF, name “acid’' is given to the various processes of steel manufacture carried 
out in th(-‘ open-hearth furnace, wlicn the operations ol im Iting and ('onverting 
are ( onducted ujiun a sand health. When cold charges are used, the process 
consists of melting and converting into steel the materials upon the hearth 
l)y the action ol heat from the fuel used, ^Mth suitahle rediu mg oxides such as 
ore and mill scale uhen necessar), and by the additions of reagents When 
liquid j)ig is used as part of the charge*, the {irocess is jirincijially one of 
converting only. Scra{> steel whu h is added, has, of couise, to be melted either 
in the liquid bath or by the action of the tlamc 

Various jiroporlions of pig non and scrap steel are employed to make up 
the charges in what is known as the “Maitin Process”; the same may be said 
also ol the ])ig and ore [iroccss. Petween the extrenu's of high and low projior- 
tions of jiig non in charges for both processes, a variety of compositions exist, 
some ol which are given in (diapter \XXVI. 

Method of Conducting the Process. Preparing the Furnace for the 
Charge. --'I'o start a newly-erc< led furnace and its equipnu'nt, \ery great care is 
rcMtuired in diying the brickwork throughout the whole slnuture If hastily 
heated, much trouble will be experienced, due to the expansion of the silica 
brickwork. If during the building of the Hues, legeneiators, and furnace, the 
weather has been dry, a good deal of the biickwork will have dried naturally 
befoie the work is completed. In any case it is advisable to allow the furnace to 
remain for several days with the fuinace doors wide open and all valves and 
dampers o[)en to the chimney, so that natural drying may proceed freely befoie 
any fires aie lighteil in the lurnacc .\ coke liie at the base of the chimney 
will promote a better current of air throughout the s)stem and will help the 
gradual drying of the chimney. After natural dr) mg has been continued for 
some days, coke fires are placed in each of the legenerator chambers and at 
diflerent places in the flues. 'Phese are inert-ased in si/e gradually, care being 
taken that tie bolt nuts are liberated to meet the expanding brickwork. After 
3 to 6 days’ firing in this way (the length of time varjmg according to the si/e 
of the fuinace and length ot the Hues), fires are placed in the furnace hearth 
near to the ports in the fust place and then in the centre of the hearth, so that 
the health may get thoroughly heated before the gas is allowed to enter the 
furnace. When all the biickwork throughout the structure and flues is well 
dried, the chequer bricks are built into the regenerator chambers and the furnace 
bottom made. 'I'he latter is done by giadually fritting the surface of the brick- 
work and lusmg silver sand in thin layers on the bottom until the necessary 
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Uiickncss is obtained. 'The gas from the pnxluccrs (or oil, if liiinid fuel is used) 
is turned on before making the sand bottom. 

Admission of Qas to the Furnace (are must be taken to i>ie\e[it any 
residual air in the gas tliics tiom mixing with the gas from tlu' j toiliua r in sucli 
proportions as would eauve an explosion when the mixtiiie is lightid. 'The 
first prceaulion is to dry the tbie ihoioughK. ami tin n to < xpel the air^lti>m the 
Hue by causing the gas to eMie thr(>ueh the manhole lu.ittsi to the luni.ue lor 
some time bcloie turning it into tin luinaee. I his is usualU an illoli\f nu .ins 
ofdrbmg the an Irom the ibits. In adtlilu)!! to these | teeautions it isad\isable 
to test tile lighting xalue ol tire gas as it issius li..m tlu‘ m.inholt* t oviu lu foie 
Imhliiv' It in the furnac'e ; esen then the lighting in the furnace is ('ommonly 
accompaimd with a n port. \\ hile this is Ining done, all air lioin the ie\( ising 
valves isexcliubd, the gas burning hmpl) in tlie luinac*- iu.iiih until tlu' an 
from the n gem minis mixts with the g.m, piodiuing gmduall) ilie usual inttii.se 

heat in the lurna( e , 

befnre any chaige is intnxlma d. the luin.u e tempi mtim- is hi 1 )m’ht up to a 
very high digreiu 1 he tap hole*is ihed Imimd, and lh< luimue pnp.iied to 
receive the I'harge. 

Charging the Materials Charging by Hand. -Wii. k sohd ihargis are 
used, charging h\ hand is still a \< i) < ommon pmctHC m woiks using luimu 1 s 
uj) to 25 tons, and in some woiks in bngland luin.uis ..1 so tniis < apai ily an' 
char'’ed by hand. Nh ulless to sa) , tlu time iin h.ii ging s<>tonst)l 1 old malt i lal 
by hand is consulerable, the fust pail ol the diaige heing imltttl two ni lliieu 
hours before the final instalments are m.Kh . 'I he a\t i.ige lime takt n to < harge 
a 2Vton furnace in Mnghsh works is Irom 7^ to S houis, win n h.dl llu chaige 
consists of jug mm and the remainder is s( rap 

( liap'ing hy hand is done with lung hais tlalt« m <1 at llu ( haiging end It^ 
carry jug and smap into the lurnace In small luinai t > win le mi t»vt ihead < ram' 
or swing j il) c 1 a ne Is Use d , a roller IS li xml t< ) the < loor !< ( Igt til t he 1 u i n.n e a 1 id 
over the roller, tlx bar is jiiislual by one or two men .uid the m.itt iial l.inded on 
the sand bollom of the furnat e. W here a cmne is avail.ihl. , tin < haiging is done 
more rajiull) ; heavy lumj.s ol s, mj) can h. |u- ked uj. hy the ( 1 m, , placed on 
the “ jmel” or charging bar, and allt i being Mis|)emlctl hy llu' < mne, the bar is 
jjushed into the fuinacc by hand and tin sciaji^ij'lted <ui to llu In aith. 

Charging hy Machine. - - 1 n mode r n pl.niis, lui n.u < s ol 27 t< u is and n pw aids 
arc usually etiiiij^lied with mat limes. 'I he m.itmials < omjiosing tin < barge am 
Jiicked up liom llu* stoi k).ird hy an ov< ihesid eh < trirm ram t ai r \ mg .1 ni.igm I, 
and the charging jeins airang. d f>ii irm ks art lilhd with s« rap .iml pig iron in 
the |)rui)orlions determined by the steel suju rinlemh nt, the jtig ami s, raji being 
ke[)t in sejiaralc jians 'I'hest j.an> are then dr.iwn by a steam ]<n o and i<ass. d 
over the weighhrieige to ret ord the weight la fore la ing pusla d tm It* the t barging 
stage of the furnace alongoth. the liirnat e dtairs. '1 he aim <»! the . ham. r <iig.ig. s 
with the Jian on the Irm k, litmg it and tairymg it to llie lurna. < dour, ih. n 
going forward and liigung the ronlenls ujMm tlTe luarlh 'I la pan is withdrawn 
and i)laced ujron the imply tnitk. wlm h is jrusht d .dong |).ul the furnat.. ^ 
total charge of 50 tons ran he charg.al in this way m about 2.. mmutt s. 

It IS not merely the saving in time that is « fit < l. d hv im < hana .al . barging, 
but loss of furnat e beat is avtuded alst>, as lla d<a>is do no' n <imri to !m uj*. m d 
so frciuently as in hand t barging. Wt wilmsstd, m 191 i,s. v lal nitah in t»pen- 
hearth rurnaet.'s, designed l)y Mes'-rs. Taul Stliinidt and ■'gia/.t har^.t wit 1 an 
electric charger in a large (bmman steelwtukx '1 !.<■ < om; 1. l- < luirge was juit 
into the furnat t m th<* manner already debt rilaol, and live ii. at . tduainetl t very 
24 hours. '1 be Martin jug and S( rap j^rta t ^s was t ontlm t. d, and lla. 
comjmsed of selected sera]) and jag, so tbit no rUming wa-, re-piiretj, 


.irge w.is 
It would 
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lake longer in some works where hand charging is done, to do the charging ^ 
alone, than it takes in the works in question to make the steel into ingots. 

Charging Partly Liquid Charges. -The charging of IkiukI metal and solid 
scra[) hastens the operation of melting and conversion. The solid scrap is 
handled as previously d(‘scribcd, but the liquid iron is taken from the mixer in 
a ladle truck, the contents of which are tipped by crane or hydraulic tipper 
into a ( arriage chute which cairies the metal into the furnace. 'I'he truck of 
metal passes over the weighbridge, and the weight is recorded before being 
taken to the furnace. 

A more common method of conveying the metal from the mixer to the 
furnace is to carry the ladle of metal from the mixer by an overhead crane 
and lij) the contents by an auxiliary crane into a carriage chute, and from thence 
to tlu^ furnace. 

'rhe time taken in charging lupiid metal is less than that required for 
fharging solid pig iroiq and the time occiqiied in coineiting the charge into 
steel IS shortened also. '1 lie composition of different charges and the analyses 
of the pig iron used, are given in Chapter XXXVI. It is, thenJore, not intended 
to repeat these here. 

Operation of the Furnace during Melting and Converting.— 'I'he ])rocess 
of im It mg cold chaiges is very slow. Compositions consisting of large per- 
centages of low carbon scrap and small amounts of [)ig non, take longer to 
melt than charges with larger jirojiortions of ]>ig iron. 'I'he [)ig iron usually 
melts fust, being fusible at a lower tenq)eraluie than the mild steel scrap. If 
too little pig iron be used in the charge* oxide of iron will be formed, and the 
lining of the furnace will suffer. 'To rectify this, additions of pig iron are neces- 
sary. Sometimes co.il is added with the* charge in the fust j>lace to make up 
for the small proportion of pig iron used. An excess of pig non in the initial 
charge can be recti fu'd by llu- tlame or additions of ore, and as a rule it is safer 
to use a sulficiency of pig iron in the first jilace. 

'The melter legulates the gas and an sui)]>ly in the proportions most suited 
to the melting recjuircinents. Soon after the charge is molli*n, the ebullition 
of gas througli the coating of slag iqion the surface* of the me tal shows clearly 
that cai 1)011 is being liberated from the bath. During tlie melting the oxidation 
of catbon has been j>roceeding Slowly, but is now active, ore being added when 
it is foiiml advisable to accelerate the removal ot the caibon. '1 he appearance 
of the “boil,” which is unmistakable by the lapid ebullition of gas from the 
surface, comes on from 1 to q hours after melting, dept*ndmg up<m the tem- 
perature and conditimi of the metal, and lasts 1 , 2 , 01 q hours, alter which the 
('harge is tap[)ed. 'i'he “bod” is sometimes held back by the melter if the 
carbon is being lemoved too lapidly, aiul the [)hosphorus and sulphur remain 
in too laige proportions. 

Odier elements such as silicon and manganese are removed from the metal 
to the slag during the melting The progress ot the chemical action is not 
merely judged by the appearance ot the bath, but by the freijuent tests taken 
from the charge after the metal is melted and dunng the “boil.” 

Examination of Tests.- - Two kinds of tests are usually made : — 

I. b'lacture tests. 

a. ('hemical tests, 

A sample is geneially taken from the bath when the metal is melted, and 
before any “o[)ening out” (jf the slag is caused by the use of iron oxides. 
'I'he exaci slate of the metal when melted can be fairly gauged by fracture and 
an.dysis tests, and these guide the melter m finishing the steel. 'The most 
troublesome elements in ihe charge are the phos[)horus and sul[)hur when 
present in the raw maleiials m objectionable proportions, and although much 
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has been done by workers siicli as Stead, Arnold, Sanitcr, and others in simpli- 
fying the removal of these elements, much still remains to be (U>no. 

'I'he jmpr()\enu nts in the methods ( f making rapid and an urate tests in the 
charging stage lahoratuiv, ha\e niatle it p'OssiMe to estimati* the caihon, phos- 
phorus, and sulphur contmts m a charge ''ample in fiom 10 to i :r mmutes, and 
if manganese is estimated, 5 mmutes longtr is taken. \bssis. llaiiison 
Wheeler in their \alual>le leseardi,' gue esamples of siu h tests, wliuh are 
perhaj^s louiul most uselul in the basic p^Ke^s where pluisphoiu pg irons 
are used. 

With reference to the rmuosal of sulphur from iron and sticl, Mr. Itonald 
M. l,e\) sums up his in\ e stigations as follows : 

“ 'I lie Separation of mangaiu'se sulphide lH)th m iions and steels is thii » 
largely dt'jie iKh nt up(m 

(.r) ('ondition and UMilimu propi rties e)f tlu- -ulphuli . 

(/') ( 'omposition and i« ''uhing prope-itu s ot the iiu t.d. 

(( ) 'IVmperature ol the nu tal. • 

(</) .Soluhilitv of the sulphide ♦n ''olu^ and lupiul nu tal. 

(f ) '1 lu' nu ( hanu'al and })h)si( al conditions 

(/) Intlueni'e (♦tlu slag ami ot oxidising coiuhti'Mis, 

Some ot these are interdepemh nt, hut .1 s\st(initu nui <tigilion ol llu se 
factors, log( till r with an nrde*r'-t nuling nl tiu-ir hi.nng; on the tlu rmal, 
physual and (hemua! < ipnlihi mm ol the s\st('ms, is the key to llu* sma csslul 
tdimmaiion of the ''ulphiii lioin tin nu tals m pr.n ti< e, 01 to so <ontrolhng its 
condition and distrihulioii as to ('oiuert it to it^ least hannlul lorm ' 

I’lof .\rnoKI, many )ear'' ago, iioiiitial init that uiliihui in sti ( 1 m tiu lorm 
of manganese sulphide was not dangi roi*>. 

Chemical Reactions in the Acid Open hearth Process 'llu lemoval ol 
metalloids during the process ot uniting and < om crling a (h.ngeof pig iron, 
scrap stci 1, and ore to sti < 1, is the rt'-ull ol clumica! .nlioii hy oxidation, and 
is an intereMing study, d liis .n lion is promoii d hy the h< at ot llir tiaine, and 
assisted hy its (oxidising intliu m e. '1 he lali of ('h<mi<al at lion is dept ndenl 
among other things upon tlu’ nature ol the ihaigi , the ( ondition of die halli, the 
intensity of the tlame, and the manipulation of the furnace. 

'I’o trace the lesults ol any om i haige in ^lu* hirn.ice dm s not alioid su( h 
comj)rehensi\e and leliaMe evidence ol what a<tuall> l.ik< s pku e as ulnn the 
average results from groups ot charges an tak< n 'I'his laitwas pointed out 
by iMr. n. H. C 'am[)l)t 11, and the following result^, giv< n hy Imn,' may hr taken 
as iepr< sentmg the history ot the progress ol the average mild steal < harge m 
the acid (j[^en-liearih jtroeiss. 'I’hc results under ( Irouj) 1 show an a\i rage ol 
19 boiler plate heals ol sir .1, j)rodueer gas lu ing Us('d as the lualing agent. 
Under (iroup II. are given the results ol 6 hoih r pl.ite IumIs ol steel, oil gas 
under steam pressure being used as the luMting ageait. , 


M.il.nu ii'rcl • Oioup I 

I. rig I ^ , . 1 1,70) H-s. 

.'sti tl ( Kail su I 1 , 'SI, o 07 ; C, o }0 ^ 9 . 5 ^^ 

scr.igi Hrilrr pl.iU , ^i, o o2 ' , ( , O' I ] ” 

3. Oreg 1 ' cO, Si ^ , free < », 9 ^ . 1,020 ,, 


o,.,p II 

II 

29, 1, 
7 1 


' “ ]'’iirinl Iron .mmI Sio I Iiiai!vit< , ’ n/xS, 1 1 1 , j- 272 

* /^/./., 191 1 , III, j) 311 . 

* “ 1 I uiviclioiis Aim rii ati In-'t rf Mii.ing I ngiius i-,,” \'il 19, p. Ohj 
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Imoio llu' fori'j^oin^ atial)s(js ainl woighls, tlie pro-rcss of the oxidation can 
1)0 lollo\Ned. Mr. ('ain[)l)ell cahiilatial lh(‘ \\(.ie;iu of the slaps formed after 
meltinp the (harpe and befoie adding th(‘ ore, from the amount of MnO in the 
slap^. Ills method of determination Nyas basetl upon the fact that all the MnO 
must come fiom the Mn in the mateiials of ^^hlch the charge is composed, and 
knowing th(' weights and analyses of tlu' charges, as well as tlu‘ analyses of the 
‘•lags at tlu,* dilfeimit petioiK, he was able to as( erlain the weight of the slags 
with reasonable ajiproximation 

'The chemical reai lions of other kinds of chaiges in th(' acid furnace arc 
analogous, and can hi* investigated on similar lines from the weights and analyses 
ol the slags produc(‘d. It is, therefoie, unnecessaiy to giNc other illustrations, 
which can be multiplied in everyday piactice. 



Cl I APT HR XXV 


/7/A' A’./A'/C ()/’A\\*-///-./A’/// J'A'()a>:.sS 


I’hk basic o|)onluailh jirocess clifl'crs Iroin llic .k'kI optn-licaith procc'^s chicily 
in ihc nature of the ( hoinical reactions whicli occur tlurm)^ the lu-at, and not in 
the general j)riiuipl(. \Nhich .•ipj)hes to both, nanuK, ilic oxidation ol iinpnritics 
in the charge and their removal through the slags and gases. Tlu* dillereme in 
the chemical n^aciions is due to iln* prcseiue ot pWisphoius and suljiliur m 
exccJsS of that in the iron su^ahle l^)r the a( id open he nth prois'ss, and 
princi[)ally in the former clement, ('lumically coiisideied t!u y aie both adds, 
and ha\e a great* alhmly for iron when at a high ttmipeiatiire than lot the 
oxygen m the atmosphere, 'riuy < aiinot, iherelong b< o\idis( d like larbon, 
silicon, and manganese under the inllueiK e et tlic oxidising flame m the tumace 
only. When oxidisi'd, phosphorus and sulpliui h)rm and ( ompmiiids, but tins 
only takes place when they are (‘xposid at a high heat to tlu‘ a( lion ot lime, or 
some other active mineral base with a stronger atlinily lor tin m than tlu y have 
for iron. 

As the use of lime m an a< iddined furnace, as a reducing ag(*nt, would flux 
and destroy tlio lining, it h lusessaiy to ha\e a non-acid lining, or wliat is 
known as a basic lining, to allow el th<- reactions taking pla< without much 
wear of tiu" lining. 'I'Ik* various kinds of basie mati rials us(d for oj»en*hearlh 
furnai e linings are discussed and drs( rihed in (Chapter 11, Sti.lion 111, on 
“ Refiactory Materials.” 'They consist as a lule of dolomitr* (h magnesite, but 
other materials are used also. 

The general design of fixed open-lu arlh furnar( s used in lioth llu' acid and 
basic processes is the same, although in ('erlam diim nsions they differ. The 
basic-lmed furnace hearths are made laigcr tli.fn m id-limal lurnaf ( s of the same 
nominal capacity, to [lermit of sup[)hes of lime and ore and other oxides 
being added 

Various Open-hearth Furnace Processes. rro('css< s wheh are generally 
known as the “ jug and sc rap,” the “pig, sciaj), and ore,” the* “ J'lg and ore ,” 
and tlie “ scraj) and c ariion,” are common to both the and and basic opc-n- 
hearlh processes .Most of the .dx^ve prc>c esses wcie earned out e)riginally in 
fixed oiicn-lu arth furnaces witli cold metal charges, and a kirge j)roportion ol 
the bteeiwoiks to-day em[doy tlie fixed ejpen-hearlh (uriiae e in [^referene t; to the 
tilling furnace. • , 

The Basic Open-hearth Fixed Furnace. 'I'he method emjiloycd m tlie fixed 
furnace practice, win n cold charges are used, dejn-nds laigely upon local 
conditions. If pig iron is edieaper than se rap, e)iily the- suitable sc rap .steel and 
iron made in the works are used again in the: e liarges, witli additions of ore, 
lime, and scale to {iroduee the nece-ssary reactiems. If scrap abounds and is 
found more economical for use than jug iron, very large jicre entages are 
emjiloycd, with additions of coal, if necessary, to sujejely extra carbon to the 
charge. Where the usij of jug iron is prohibitive l>y reason eif j;nce, the scrap 
and carbon proe-ess, such as jirojioscd by I.eojiolel I’s/e./edka of (fraz,' might be 

‘ Ilichniann, “ It.nsic n-hrarth hlccl,” p 253 
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employed. The most common practice is to use pig iron, scrap steel and iron, 
and oxides, in proportions which will produce the steel required in the most 
lapid manner and at least cost. 

The progress of the operation of a typical charge in the fixed open-hearth 
furnace may be described as follows. After the furnace bottom has been 
repaired with dolomite mixed with tar, or with dry dolomite for drying up holes, 
the furnae'e is charged by hand or machine charged. The hand-charging of 
even a 251011 furnace takes a long time, several hours elapsing before the 
materials are ccjmpletely dejeosited in the, furnace. Ihis practice of [irolonging 
the time of charging varies at different w’orks. Lime and metalliferous slag are 
added with the charge, sometimes before the cold pig iron, at other times during 
the progress of the additions of pig iron and scrap. Small amounts of coal are 
added usually after the pig non and before the scrap, when low percentages of 
])ig iron are used in the charge Sometimes the charging will continue, when 
done by hand, for 9 or 10 hours, the melting proceeding meanwhile and the 
entire charge being melteci in about 1 to 2 hours after the charging is completed. 
A melting samjile is taken to ascertain , the condition of the metal in the bath, 
alter which additions of oxides are made according to the rate of oxidation it is 
desiied to iiromoto. In about i hour after the metal i'f melted, the boil 
commences and the refining proceeds, the carbon and other elements being 
1 educed as recpiired. 'I’his may be done by removing ijractically all the carbon 
present and adding the recpiired amount afterwards, or by ariesling the oxidation 
of the oiiginal carlion in the metal at the point desired. 

'I'he silicon and manganese are readily removed by the oxidising intlucnce 
of the flame. Additions of ferro-manganese, and sometimes ferio-silicon, have 
to be made to the steel as a rule when the heat is finished or as the steel is 
being tapped into the; ladle, to bring it to the standard required. 

'fhe elimination of phosphorus and sulphur presents the greatest difficulty. 
If tile phosphorus apiiroaches o i per cent, and the siil|)luir is still high, say 
about the same percentage, both can be reduced with additions of fluorspar and 
lime, about twice the amount of the foimer being used. If, however, the 
phob[)horus is low, say about o’oq j)er cent., and it is desired to remove the 
sulphur, the addition ol fluorspar will not produce satisfactory results, and 
the heat will become dillicult to pintrol. Hence the necessity of careful tests 
for ])hos[)horus and sulphur during the finishing stages of the heat, to avoid 
tioublesome and wild metal. 

'I'he time lecpiired to complete a heat from the start of the boil varies 
according to the materials in the charge, etc., but as a rule from i to 3 hours 
are taken to finish the heat. 

MoLTFN MkTAL ILASIC OrKN-IIKARTlI PROCr.'^SES 

For many yeais ])ast molten metal charges, both in part and as a whole, 
have been cmi)lo)ed in the basic opcn-liearth furnace. The important economy 
in utilising the initial heat of the blast furnace metal, and thereby accelerating 
the reactions in the open-hearth furnace, shortening the duration of the heat, 
increasing tlie output, and reducing the fuel consumption, indicate an immense 
gain to be derived from molten metal charges. 

Many difficulties, however, had to be overcome and modifications made in 
the working of the molten charges, before successful and rapid steel manufacture 
became an accomplished fact. Much disappointment was also experienced by 
many of those employed in trying to overcome the difficulties. What appeared 
on tlie surface a very economical method proved, under some conditions, more 
costly than the ordinary pig and scrap process. With molten metal the lining of 
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the furnace was frequently daningcd, holes being made in t)je bottom, while the 
banks and vails were scoured by the cutting action of the o\uit s, \vlu< h, oi 
necessity, were reijuned in excess to reduce theelt nients in a chnige wholly ol pig 
iron, thus j roducing an unwieldy amount ot ^lag, which fie.juenlly o\t itlowed 
the banks and ] oris, escaping through the dooiwass and also into the 
regenerators before it could be removed. ^ 

'riiesc diflleulties, as well as that of removing tlu- slags from the fixed fmnarc, 
led to the introduction of the tilling open-heailh funuu e, whidi madt' the 
removal of the slag a very simi>le oj^eration. 'I'he bottom and walk ol the 
furnace were not so subject to detcrioiation, seeing that tlie nutal in li e batli 
could be moved from time to time during the operation, d'his d( xelopim iit, 

wluch w’as made jicssible by the use ol the Wellman Tilting Imnaie, an<l 

subsequently modified and improved by the ('amph(‘ll Tilling liiimue, was a 
distinct advantage in working the poa:( ss 

Campbell,' writing on the adxantages ol his furnace, sajs tli.it nowheri' (dse 

has iron been worked dire<'tly fioni the blast lurn;f(» \Mllii»ui tin u^- a 

receiver, with Silicon xarying iioift o’5 uf) to 3*0 pei ('< nt , and with no prohihi 
,lory trouble from fiulhing or fiom loss ol lime. I ins tombh is a\oid<d by tlu' 
ability to tip the liTrnace and prexent tin im tal and slag limn lluwmg out ol the 
door on the front side, there being no dooi on the tap h(»le snh , the ex< t ss of 
slag being proxided for by holes K ft m th<‘ liotlom ot tlu poll *>!-. mng 
Wdiile it was possible at Sti'clton Steel Works, T( nns\ Ivania, to use pig 
iron from the blast furnace wath sik h var)ing sdn on ((uilints luiause ot 
the case of mani])ulation of the (’ainplu II Tilling h urnaee, ) ( t in oilu r siiu 1 
works one of the chief hindrances to the suer ( ss ol tnan> ol the molli n nutal 
charges in the basic open-hearth fiiin.tce was due to the iingularily ot the 
comjiosition of the metal from the blast furnace . 

Since the introduction of the mix< r in a im»st dislnua adxaiuu' m the 

rapid dexeloiiment of steel manufacture has been math*. At fust it was 
j)nnci[)ally used as a collector of iron horn the blast liiriuu c, giving iinilormily 
in the composition of the basic iron siipiilied to th<“ fuina< e. I lu' ini\(r, Ikjw 
ever, has long since proxtol to he mon* than a (<)ll(clor ol nutal fni easy 
distribution, and lias taken the place of a o-liiu 1 ol the nu lal in 

many works, at the sanu* time raising the temperature ol tlu basu' iron hi lore it 
reaches tlie ojien-hcaith furnace. 

Some mixers are more like huge tilting furnacLS, with all tlu* heating and 
regenerating equipment of the ordinary modern ojten hearth liiiiuue.and play the 
part of intermediate furnaces for ('onsider.ibly hu1u< mg the mangaii' se, silicon, 
phosphorus, and sulphur from the metal before it is taken to the basic open- 
hearth furnaces for final refining. Other mixers are simply usi d as eolb < tors 
and dcsuljduirisers, supplying metal ol uniform compuijiti .'n and t< iiqa ratiire to 
meet the conditions required. • 

For both the bessemer ajrd open-hearth processes, the mixer lias lur-ri of 
very great value (See ( iiajjter XXX for illustraPions and d( srnplions of mix' rs). 
The mixer has been, in some measure, the sujiplanter of tlie IT sseiiu r ( onverlei, 
and like furnaces, as far as their association with op< n-hcarlh lurnu' S as 
preliminary refiners is concerned. What have been long known as duplex 
processes in steel making, are stdl conducted m the I S .\., ( anad.i, Mexico, 
and Japan (although apjcirently abandoned on the ('ontuu.nt I lu sc had for 
their object the partial refinement of otherwise trouiilesome c 1' menus, ih'^ 
presence of which in the basic open-hcarlli fiirnaM: wouTl hav: mafic the 
process impossible in somf* cases. 1 hen, again, the rajuflity of output was 

' C.TniptxlI, “ McJT!luri:;y of Iron.civi g I 

^ “Iron nnd (Joal l^Jio, g. S8. 
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anotlicr special feature. I'hesc functions can be performed now, to some extent, 
by the mixer. 

As long ago as 1878/ at Witkowitz, the Bessemer converter \\as used for 
refining tlie metal before passing it on to the open-hearth basic furnace, and 
since llien it has been employed in several works. In America it is used in the 
works of .Jones and T.aiighlin, Pittsburg, and the Dominion Iron and Steel 
(Jo., Sydney, Nova Scotia, “ as well as in other notable works in conjunction 
with tlie basic open-hearth furnace. 

Other combinations of furnaces arc now used, such as the basic open-bearth 
and electric furnace. Among other users of this combination are the American 
Steel and Wire (Jo., Worcester, Mass., U.S A. A Bessemer electric furnace has 
also been introduced by Verdon Cutts and Hoult of Sheffield, which has for its 
object the rapid jiroduction of steel without transferring the blown metal to 
another furnace ; no results of actual steel made from this process appear to have 
been published. 

Many modifications ai^d combinations of furnaces have been introduced to 
accelerate the production of steefi, and Mith thd object of using various grades of 
]fig iron, not always distinctly basic or acid iron. Among the many processes 
whi(h are jirmcipally adapted for the use of molten metfii charges are the 
following : 'I'he Witkowitz, Pszc/.olka-Daelen, Bcrtrand-'I'hiel or lloesch, 
'I'alhot (Continuous, Monell and Rees-James, and others. 

'File distinctive features of each o( these processes may be brielly summarised 
as follow’s 

The Witkowitz Duplex Process, -'rius jirocess consists of converting iron 
into steel whu h contains too much phosphorus for the acid and too little for the 
basic Bessemer process. 'Die partial *deoxidation of manganese, silicon, and 
carbon in the acid Bessiuner, and the subseiiuent removal of these elements, 
together with the phosjihorus in the basic oiien-hearth furnace, forms the basis 
of the process. t\'hen the process was introduced at \Vitkowit/, iron containing 
3'7 per cent. ( 1 ; 1*2 per cent. Si; 27 per cent. Mn ; o’2 jier cent. P; and 
002 jier cent. S, was fust converted to metal containing o i per cent. C and 
o’4 i^er cent. Mn, with no lediu tion of jihosphorus and sul]>liur, and was subse- 
(lueiilly refined in the basic open hearth in the ordinary way. .\ charge of 
10 tons w'as blown in the acuk lined converter for about 8 minutes, and 
finished in the basic open-hearth furnace m about 3 hours, if no scrap or 
extra pig iron were added.’ 

The Pszczolka-Daelen Process. — 'bhis process is based upon the same 
principle as that employed at Witkowitz, and consists of the removal (in a 
converting vessel) of a large portion of the impurities from blast furnace metal, 
before the steel is finished in the open-hearth furnace. 'I'he difi'erence in the 
method of carrying it out api)ears to have been in the use of a specially con- 
structdl Ivulle, into whicli the metal was tajiped direct from the blast furnace, 
and from thence into the open-hearth furnace^ the ])arlial removal of the 
impurities being carried out beft^rc the metal was poured into the open-hearth 
furnace. 

At Krom[)ach, in Hungar\ / a lo ton fixed, box-shaped converter ladle was 
used, into which hot blast at a low' pressure was blow'n through inclined tuyeres 
on to the suiface of the metal supplied fiom the blast furnace. 'I'he waste in 
reducing the iron containing 3'5 per cent. C, 2’2 per cent. Mn, and ro per 
cent. Si, to a carbon content of about ro per cent., was about 7*29 per cent. 
'Fhe iron, when transferred to the basic open-hearth furnace, w’as finished in the 
usual manner. A gain in the rate of output was reckoned as equal to 7 heats in 

‘ “Iron Age,” vol. 76, p. 609. ’ Ibtu , vol. 85, p. 1158. 

* AW., vol. 76, p. 609. * “Journal Iron and Stetl Institute, ’’ 1904, II, p 589. 
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24 hours, against 6 heats in the same time of ordinary sdap nui.d with M)ld 
charges containing i pci cent, of carbon. There was also .\ saving in Im l < qu.il 
to 2 to 2\ cwts. of coal i>cr ton of steel output cwts of coal ]u i ton 
being re(iuired in the molten process against 5 to 5 1 cwts. in the cold sciaii 
melting. 

('onsideral)le difruultics arose in the use of the bo\-shapcil ciuuttftcr. which 
led to other forms being tried, but it docs nut aj'[HMr that the proci ss has had 
wide application. 

The Bertrand-Thiel or Hoesch Prtcess.- I he Itcrtr.md-'l hid j^roccss ,latts 
ba<k to 1894, when it was patented. Mr. John 11 . P.uby and .Mr. (’.(s.rec 
llattOTt, m writing on “ Recent Dcvcloiiinents oi the Rcitiami 1 hid Tioctss in 
the .Manuractuie of Steel,”' state that in their opinion the b.isis |nr the usi' of 
two furnaces in the jiiocess is exjiressed in the words ot A l,<d<biii. ” tliat il 
two substances leai t on cadi other ( lu inM all\ , this k'.u lion pioccdls more 
slowly the moie the two sub.stances aie diluted hj oilu r suhsi.iiw es wluch 
remain meit. In other words, the grcat(T tlu- excess of one of the two n.uting 
substances the more (piiekly is trte chcifiioil eonvc ision of llu otlier ( omph t( d.” 

In the paper refeiri'd to by Darby and ll.ittcm, tlu' wiiikine ol tti. pint css at 
Rrymlio, Kound^Oak, and at tlu* Hoesdi W'oiks, l>oiin;uiid, is descnhcd. 
.Since 1905, when these dexelopiiKiits were recouled, luillur unprccN c inc nts ha\(‘ 
been made. 

'The original object was the removal of largo areumulations of slaa foiined m 
the earlier jiarl of the piocc'ss while- melting solid ehaigc-s . wlu< li, il h It to ihe 
end oi the beat, would become \eiy Iroublesome, bimlc r tlio i.ilo ot output, .nul 
impoverish the (piality ot tin- jirodiut. 'I’o rairy out the pioccss, two open- 
hearth fixed lurnaces weic- em{)lo\((l. *ln one lurnacc- the phosphoric ]))g non 
w’as meltt'd, and the bulk ot the phosphorus and most ol tlu* silicon, with part ot 
the carbon and mangaiu so, wc re remove d In llu* second fuinai*, scrap sti*( 1 , 
witii suitable additions of iron on* and linu*, were cbaigcd and boated before* 
pouring into the turnac e the nu^llen metal from llu; fust lurnat ( In cliaiging 
the molten metal into the see ond fuinae c*, rare' was taken to pie\ent slags lre)m 
the first turnac'e* being chargod with tlu* nu*tal. 

brom SIX to .seven 20-ton luals of soft stc (*1 e (uild be pieKhie eel in tins way 
every 24 hours At Hr) mho and .it the* ]b)c#(li Works, about ten 2(j-ton lu .its 
were produced m 24 hours Mr Springeaum,* tlu* mau.ige rot the* lloeseli We)rks, 
said the iron they used < onl.iiiu*d 1 8 j)e i ('c*nt. 1\ o 3 to c, pc r e c iit .sg and 
i’5 [)er cent. Mn, and that there* was no dittic ulty in gc*timg legularly 0 015 por 
cent, r in soil steel and 002I000} p(*r c(*nl. m hard steel lie stated .ilso 
that 9 to 10 heals w’erc. olitained m 2; lunus, working with thud e harge s in llu* 
primar\ turnace d'lu* life* of the turnae e* was 240 < h.irges witheuil re pairs 

'The present method adoptc-d with much sue ress at lie* I bn se h W’oiks, is 
that of converting to steel molten pig iron from llu* mixer, in two staples, wilh 
the use of one furnae e be tyre the lluid iron is charged into llu furnace, lime, 
iron ore, and rolling mill scale*, are* placed on^lu* bejlleun «»1 the furnae c he arth 
Immediately the nudlen metal is cliarge el, rear lions comimnce, .uid phosphorus 
is rapidly oxidised, while the metal is at a nuule r.it(*ly len\ t< mp< lalun., m llu: 
presence of {ilenly of lime, 'This is one of the special features <»! the* jcrcuiss. 
About 2^ lu3urs alter the rommenrement of tlu* heat, during whi< h the ic mjxua- 
tiirc has risen e onside-rably, and the |)h()s[)horus has luo n riduceul to about 0-3 
per cent., the wlmle charge is tajjped into .1 l.'ulle, the slag pourcei off, and the 
partly converted iron returned to the fuinacc, hut n<.>l he lore* iiucre.* adelilions ()f 
lime, ore, and scrap, have been made 'Die (barge is ilun finished, during 

' ‘‘Jmiriiil Iron .in'l Stf < 1 IiisUtulc,” hi’ •■ 22 . 

’ yw , 1905, I, p. 132. 
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^-hich period additions of scale and lime are made, together with ferro manganese, 
before the metal is tapped. 

In 'lablc 1 . XX VI I ([>. 269), given by Dr. O. Petersen/ are recorded the 
chemical changes wliich take place during the progress of a typical heat by the 
Hoesch [irorcss. 

It will, be observed that in little more than one hour from the time of 
charging the molten iron, the phos[)horus is reduced from r86 to 0*37 jx;r cent., 
and the slag contains over 22 per cent, of phosphoric acid. During the same 
period the carbon is reduced about 50 pei cent., while the manganese, which, at 
the beginning of the i)rocess, was rapidly converted to Mn(J, returns partly from 
the slag to the metal as the temperature of the bath increases and the oxidation 
of carbon proceeds. With reference to silicon, only traces of it remain during 
the first period, as it is removed at the < ommencement of tlie process. 

Before the second period commences, a liberal addition of spathic ore, with 
scrap and lime, are charged into the furnace, the ore containing from 9 to 10 
per cent, of manganese. ?Vn ore high in manganese is nec essary, owing to the 
depleted manganese condition of the iron whdi returned to the furnace. The 
slag formed during the sec'ond jicriod is ric h in manganous oxide, and as the 
jirocess tiror.eeds an ac tivt' deoxidation of the carbon takes plSce, particularly in 
the early stages of the second period. 'J'he manganese is likewise reduced from 
the slag during the process, forming an important deoxidiser. The removal of 
the phos[)horus proceeds uniformly throughout the second period, and the re- 
duction of the sul[)luir is about the same during eacli period. Other interesting 
facts are disclosed by an examination of the metal and slag analyses given. 

Willi reference to the life of the furnace, the average number of charges made 
from one lining is 400, the bulkheads of* the furnace being repaired once during 
the same outlet, 'bhe health lasts about 2 to 3 years, and the cheipiers are 
renewed every 600 to 800 heats. 

The Talbot Process.— This process stands out distinctly from the other 
molten metal jirocesses m so far that it provides a means of continuous .steel 
making. The [irincijile of the process is based on the rapid decarburisalion of 
molten jiig iron when charged into a bath of liquid low carbon steel of 4 to 
5 times the amount of iron charged. As the temperature of the bath of metal 
IS higher, and the carbon content, much low’er than that of the iron charged, the 
reactions proceed most vigorously between the impuiitu'S in the iron and the 
highly oxidised slags, formed by the large additions of lime and scale made to 
the bath before the molten pig iron is charged. 

'I'he process is conducted in a tilling open-hearth furnace, in which the 
formation and removal of slag can be manipulated easily. Furnaces up to 250 
tons capacity are in constant operation, producing from 50 to 80 tons of steel 
every 3 to 4 hours. This process is particularly applicable to the manufacture 
of mikV steel. 

In Chapter XXXV this process is dealt with n^ore fully. 

The Talbot Continuous Process in Fixed Open-hearth Furnaces.— In 1905, 
Mr. S. Sur/ycki - gave an account of the operation of a 25-ton fixed o[Xin-hearth 
basic furnace at the Czcnstochowa, Poland, in which continuous steel making, 
based upon the princijde of the Talbot process, was carried out with success. 

The operation was conducted by having two tapping holes at different levels 
in the furnace, instead of only one. The whole, or part of the contents of the 
furnace, could be theiefore tapped as desired. In a 25-ton furnace, 40 
to 45 tons of metal were charged, and from this 25 tons were tapped 
by opening the upper tap hole, leaving 15 tons of low carbon steel in 

’ “ Iron and Coal Tr.ades Review,” vol So, p. S8. 

* “Journal Iron and Steel Institute, ” 1905, I, pp. 112-121 
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the furnace. By additions of ore and lime, the bath of steel was raised to a 
highly oxidised slate before fresh additions of molten pig iron were made, 
so that the reactions were promoted immediately the iron entered the furnace. 
The rapidity of the operation in the furnace was accelerated by treating the 
molten metal in the ladle with finely ground, heated ore, which was shovelled 
into the stream of iron as it was run into the ladles from the blast furnace, before 
it was charged into the open-hearth furnace. By doing this, less ore was 
required in the furnace. 

The furnace used was 26 ft. 3 in. lon^ between blocks, 8 ft. 7 in. wide, and 
I ft. 8 in. to 2 ft. deep. During its first campaign, 574 charges were made, and 
after repairing the ports and roof and repacking the regenerator chambers, the 
furnace made over 690 charges and was not worn out. 

The pig iron used contained — 


Carbon 


, . up to 

3*0 % 


Graptiite . 



3*7 % 


Silicon . . 


ft'8 to 

I ’9 


Manganese 


0*0 ,, 

1*5 '^0 


Phosphorus 


0-5 „ 

0-8 % • 

Sulphur 


0-02 „ 

o-io'^(, 


The furnace produces 3 heats 

, each of 25 tons, per day of 

24 hours, and the 

consumption of materials for one 

month 

is given below : — 




"rdii''. 

Lbs. per 

ton of good ingots. 

Cold pig iron 

. . ^ 

r4o'8 . 


154*7 

Molten ,, 


1809-5 


1991-0 

Ferro-manganese 


20*9 . 


22-9 

Scra[) 


19-8 . 


21-8 

Iron ore (Krivoi-Kog 


45 «i • 


504-0 

Lime . . . 


141*3 


i 5«*4 

Aluminium . . . 


0 08 


--- 

Burnt dolomite 


107-7 


118-4 

Chrome ore . 


2 0 


2-2 


I’roducts : 20037 tons good ingots; 4r8 tons scrap. Yield, 10272 per 
cent. Number of days, 26. Production per day, 7 7 '07 tons. 

The Monell and Rees- James Process. -This process is a modification of the 
Monell process which was patented in 1900, and differs in principle from the 
Bertrand-Thiel or Hoesch process, in the employment of one ordinary open- 
hearth basic furnace, in which the phosphorus 111 the pig iron is rapidly reduced 
before much of the carbon is removed. 'Phe chief point of difierence in working 
the process, is in bringing the oxides of lime and magnesia (which are charged 
into the furnace before the molten metal), to a very high heat, bordering on 
fusion. The result is a large forrtiation of slag, while the relatively low tenqxir- 
ature of the metal favours the rapid oxidation of phosj)horus, silicon, and 
manganese, part of the carbon being reduced at the same time. About 80 }>er 
cent, of the slag is removed, and the bath, which is now in a favourable condi- 
tion to be acted upon by the flame, is converted to steel in the ordinary way by 
the use of suitable oxides. The object of the process is rapid production. 

A description of the Monell process, as used at the Homestead Steel orks, 
U.S.A., is given by C. W. Tidestrom.^ It is stated that the hearth of the 
furnace consists of magnetite, and upon it are charged 3 tons of limestone, and 
afterwards ro to 12 tons of preheated ore is charged, according to the amount 

‘ “ Itili.ing nil Jernkonlorcts Annalcr,” 1903, pp. 35 *“ 3 ^S» 3 ^ 9 “ 40 ** 
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of silicon in the pig iron used. In about 90 minutes, when the ore is ne.irly 
melted, 40 tons of molten j)ig iron arc charged direct from ilie tiitna<e. 
The action which ensues jiroduces a thick foaming slag, (lining which most ol 
the phosphorus, silicon, and manganese, and jurt of the cathon aie lediiced. In 
about 2 hours after the ])ig iron is charged, the large ciuantity (4 slag tornu'd 
is tapj^d off through a hole about 4 inches .ibovo llu^ surlat e ol Uie metal, 
leaving a thin coating of slag, favourable to complete tlu‘ dc (■aihunsalion ot the 
metal. 'I'he pig iror^ used contained, C, 3*90 j>er ci nt , Si, o 5 to o (> pc r ( cut. ; 
Mn^ o'8 to o’9 per cent. ; P, 0 5 to o*8^)er c ent : S, cm ^ to o 07 per cent. 

The ore contained, Fe, 6.; o per cent. ; Si, j o jut cent. ; Mn, 01 p( 1 cent. ; 
P, o-i per cent. 

The slag analysis was, Si().>, 20 per cent.; l-e, 20 to 2^ |m.i cent. , IV b, 
3 to 5 })er cent. ; Lime, 20 to 25 per cent. 

From 16 to 18 heats were produced per wc;ck, yielding to 700 tons ol 
ingots equal to 100 to 102 per cent, of the charge. 'Fhe time taken duimg csich 
heat was from 7^ lo 8.|^ hours. 

The Knoth Process .\ moltc^i inetJi proces.s,* patented hy lb nty Knoib of 
Birmingham, Alabama, U S A., deserves mention, as it embodies pail of tlu* 
principle on whiclAhe Talbot continuous process is basi cl, but is canud out in 
the ordinary fixed open-hearth furnace. Instead, lioweser, ol jtail ol the steel 
being retained in the furnace, necessitating two tapping iioUs at dilh rent h vels 
as in the Sur/ycki furnace, all the charges is tajipcd into a ladle, three lonilhs of 
which IS poured into moulds, the remainder be ing returned lo the furnan after 
being mixed with fresh molten pig iron to make up the enliie (barge'. 1 he 
diluting of the pig iron with low carbon steel is said to shorten tlu* pro< ess, but 
no details of the operation of a charge (_^an be lound ueorded, and it seems lo 
us that the Hocsch and 'i'albot processes are more eeunomieal. 

‘ “ hull \ul. 70, I' 5. 



CflAPTKR XXVI 

THE DEVELOP MEET OE THE OPEX-HEARTH EURXACE 

Historical. — So much has been written about the difftcultics experienced by 
the brothers Siemens in their endeavours to perfect their regenerative gas-fired 
furnace for steel manufacture, that it is only necessary here to make a very 
brief historical reference to the early stages wn its develoi)ment. Prior to the 
experiments of Sir \V, Siemens and his brother Po'derick, many inventors and 
others had devoted much time and talent to the improveimnt of the furnaces 
used for jaiddling iron, and for producing steel direct from the ore. 'I'he 
application to furnaces of regenerators for healing the air of combustion by the 

waste heat from the fur- 
nace, was a distinct and 
new feature in furnaces 
for steel heating and 
melting. Jt was several 
)eais after Frederick 
Siemens patented his 
furnace in 1856, which 
is illustrated in log. 123, 
before it was adapted to 
steel mamifac ture with 
any I'ommercial success. 

h'or reheating steel, 
Siemens had soon ample 
])roof of the .success of 
his furnace, and this en- 
ciJLiraged experiments 
with It for steel melting. 
In 1862, Siemens de- 
signed a fnrnai e for 
( has. Atlwood, of 'I'ow- 
law, Durham, and in the following year a large furnace was built at the 
Montlucon Works in France, awd operated by l*/r. Otto Siemens, both furnaces 
being for steel manufacture. Neither furn.ice gave the commercial results 
looked for, and Siemens obtained works in Ihrmmgham, aflerwaids called his 
Sampli' Steel ^\’orks, with the object of iierfecting his design M these works 
he conducted many expenments, ami while imoroMiig the design of his furnace, 
he was also establishing, upon an enduring foundation, the process of steel 
manufacture which is known by his name. 

At the woiks of the Bolton Steel ('0. and the Barrow Hematite (_'o., 
Siemens’ gas-fired regeneralne furnaces had been emplo)ed for puddling iron 
and for heating steel respectively, ])rior to 1866-7, but during these years the 
furnai cs were used for a short time for steel manufacture. I'he results obtained 
did not satisfy Siemens, and he made further experiments at his own Sample 
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Works in Biriningh.ini, aird ultiinalclv, in l8^8, iho Kantlnrf Siemens ( o. 

rornicJ In the !>ame >t'ar, his furnat e \%a.s installed at the ( ‘r( we Woiks ('t 
the I, vV N. kailwa) ( o h) Ranishottinii, wlio \vas tiun tiiLjinter It wa> 
iise'd tor the mannfaaure ol steel hy the piit ami stiap pr.xes''. wliuh had l>cen 
devclo|x*d !t\ tne rs Maitiii, o( ^iituil, in Kranec, who had hi'en e\j><Ti- 

luentin^ wiiii tlu Mtimns tiirnace (lor whuh thiy had a Iim net ), \\hilt‘ Siemens 
was eondurtin^ Ins exjxnments in Hrilain 

Development in Design, I he de\ilopinent in tlie disi|;n of the ojnn hearth 
fumace and the jarhetin^ t)l' tlu prot^s^ts comhulitl tlunt in. went on sinnil- 
taneoiisls '1 he hi^h teunveraturi. s neifs^ai) to produce the desind iisnlts m 
steel-rnakiiik^ wire \(.ryse\eie upon the inal< mils w hu ii lotnud tlu' linings ol 
the furna* I s. '1 tiiiijniaturis allet l( d some parts ol tlu liirna(<‘ more than 
tithers, whuh ltd to inodiiii al‘ons in the l<)rni o( ihf roof, luarth, ports, ami 
regenerators lmj>ro\t ment.s wt rt* niatle iKo m the lliu s .uul vahts, with tlu* 
object of ttbt.iimni; a hieht r < tlieieiu v from the various kinds of liu Is used 
During' mote rtcent )ears, snut- the intrtuhu tion ol* the basu Iimnj;, liltinj; 
lurnat t s liaN t* been I mpl'jyeil to f*( ibtatw tlu ('ontrt)l aiul umoval ol the sla^s 
ubu'h are formcvl i.lurm.4 tlu ptmess ol stt t I mamilaitute. 'riiese lillinp, 
fiirnat es base btti, ilivelopiti tm a \tr\ t luisult lalde si a!e wilb i^renl siu < < ss, 
lor the produt lion ol lai^^e outputs t I sii 1 1 hrotn the lollowmj; di st rij tion of 
the gradual improxtiiunts in tlu' tltsij;n ol the open luailb lurnaee, it will be 
olibc r\ ( (1 that tlu modern lurn u't lasrtaeluil its jrri st m si.i'.^(' ol ih \( lopmenl 
as the rt suit of the l.ibours of manv e\i»eiim( ntalisis, w nh aiiij'U ivideme of 
wliieli the Talent t hliee it ( ords aluumd 

First Open hearth Furnace with Regenerators In hu’ 1 : p to whuh 

referciue already has lu en math, a* st.t'mal plan is shown ol llu* Inst furnaee 
with rt ;4i nerators, for which I* red, .Se im ns ohtaiiud a pah nt m iSc,0 1 lu- 
regeiKrat'Us shown Inhiiul tlu luinati wtie mlt ruh d foi inaliii); tlu an only, 
whu'h uiiilt.ll with the ^ases Irom the solid liu 1 .is llu v j .os, d m!o (he hniiac'e. 
riic htiekwork in tlu‘ ri iieiatiN e I hamhi rs ahs( ulu d till lu .it liom the w. isle 
easi s on thin w.i\ to the ihmini\, and wlu n the \al\(‘ w.is riVMscd, whuh • 
ailmiiud .nr to tlu ii lun ator, throiiL;h w hi« h tlu hot pasi s had |us| i i .isi d to 
pass, the liru kwork ;; n< up its lu it to tlu < oM an on its wa) to ihi (uinai i 

Siemens ( laimed m his p.iti nl ih.it his luryac <* w as .ipple .ihl< to tlu lue of 
gaseous or solid fiu Is, and in this design an loimd tlu i K m< nts ol the re- 
gcneralo e- ja me iple as appTi d to the ojiudu.irth and ollu r sli i 1 lu aliiig and 
melting lumai < s. 

In a (taper Wonliihuled to the- Institution of Miihanu.d hngimirsm 18^7 
by Mr (' . Su im ns, 1 ,< '-aid th.il the uninlum of llu niuiuialise luinace 

was due to hi.s hrotlu r, Mr. Indiruk Su nu ns, and lb. it llu saving m fm 1 
etlected llu rel;y ovir liie (^iants m romtnon use .it lhat (u ruul .imoimh d tu 
from "e to 80 )u r ciiit. l-ig. i.’t shows the furnai' .is illusUaltd 1 ^ Mr. 
Siemens, and it will he ohs' r\» tli n 'he rt ;m luralois .ift uiult 1 tlu liiruat e, and 
not ht hind, as shown in I 1 - i J • 

For sonie)(ars this 1 \|m; ot lurnare, in a rnodifud form, was us<'<l .it the 
steel vYcnks of Messrs. Marriot Atkinson, ol .‘^heflic Id,' for lu atn sh < 1 . 
Instead of using two firt |)!ari s and one healing c hamht r, as slu*wn m log. 
a furnace with one lirepi.ue .ind Iwcj healing (harnluis was used, having a 
regenerator at the end ol ea< h healing rhamher. 'Tlu; rt ason for .ihindtming 
the furnace with two firejdac'cs was that both firejila<<s had to ht travirsed m 
succession hy the heated air, so lhat the fuel of die srituid hicj-l.ice was con* 
Slimed to no |uir[»<)s<‘ 

“ I’rorr. fj'i) > Iti'-i, of Methani< al 1 uginctrs,” i^ 57 i I g 103 1 1 1 . 

* Ihii y 1SO2, [ 23. 

'r 
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Gas and Air Regenerators.— It was not until the brothers Siemens intro- 
duced their (las Producer and Regenerators combined, in 1862, that the prin- 
ciple of regeneration was applied to the healing of both gas and air. The 



I Sectioraal Elevation 



Fic, 124. — Sjomen>.’ Furnace with Regenerators below Hearth. 

type of producer list'd is shown in Fig. 186, Chapter XXXI on (las Producers. 
'The regenerators consisted of one ciiamher, built below the furnace, having 
four .separate compartments, two of whuh were in communication with each 
end of the furnace, and arranged with valves which piovided prarlically the 



same reversing action, with slight mechanical differences in design, as found 
in furnaces of to day. 
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Rotating Furnace In 1872,0. W Suiiuns |utcntt<l .1 I'.nn.ui-, 

with whu h b.e toi:r nei.ilot >' His dIiici I .U dnu’ w.u tiu'<lir(Ht 
production of ttom tho on*. In lln^ fiiin.ut In* mid .» in.ui(* ol 

calcined l*au\iU*, oiii;!nili\ Nii.;^<‘'tid to ln:n l‘V ^l I,c ( ii.Kc lu r, \s \cry 
satisfactor) nsullb ^^trc ol*t oncil \Mih tins Inrn.uc .it Ins S.nnpli W'oiks in 
Ilirimn^hatn, \\orks win* ( rc» t< il .it I'owi .isicr, .Not iliampton. .uul ^l.itud in 
1875. riicN (lid not |'ro\(*, ho\M\i.r, ti) !>c profit iM»*. .ind wcic tlu ii toio 
disc'onlinui’d. It is in \ i ttln-f ss int( rcslMiL; t<) noti* lli.it iin iis did opt t.itr 
a rotating hirn.ai o ^lu (i , in \u\\,('t tin* .id\ .ml U' s ofi.iiiu d lu'in lilting 
lurnaccs to ila\ I ii.; 12^ slioxss .1 set tu'n.d clt \.ition I'i nu ns luin.u c 

Pernot’s Open hearth Rotating Furnace In iS;;. tim Ik mot Koi.itnu; 
Furnace uas ins'.allid at '■'t ( 'haniond, hiantc It (ons>tsoi .1 <mul.ir Inailli 
inounlt d on a truck .it .m an^'c of 5 to (> d(i;rtcs lioiu tlu Inui ontal. I he 
true k IS (cf spt rial d< "Ilu, li.i\ a rollc r p.ith on u hit li th- luinai r lot.iti s hy 

means ol suitaMi ^t.uin.;. I he comhim d tnuk .ind lu.iiih t .in he di.iwn 



Sectional End elevation 

E lo I2b I'fri.'Uh 


St*i' I ion . 1 1 

K"! Uiii, Fi'ii) I ' , 


1 1 on t ( It'va tion 


from the fiiri it t 1 hamlw r on rails. 1* u'. i if shons ili<* lum n n tmt k in position, 
slatHlin;.,Mipon the top of ilu n .m nt i.itoi th.nnlKi^ 

'I’he oh |t ( I ol tin* rolaliiu; im Imt d In'.ii t li is to ex pose iiioi c t oinph h 1 V the 
inclttd and uniiic it' d i»<)rlioiis ol lh<‘ <hit.’,e to tin a< lion o( iln llaim . I ht* 
charge of jog non .md st r ip is Ik at' d to tc tiff' ■ he fore j.i 1 h 11 . k '1 I he 
cost of tlu furnace app' .us to lx- a h.um r to its e* n< i.d u*.* , allhoiigli it is 
stal'd I'.il \eiv good ste*( 1 \N.i. oiilaiiKtl from it )< am. 'a)>‘ that the c<)st 
(3f a lurnace i.ipahle ol \soiking a charge ol 550(.» llo is .iImjuI / 1 i oo, iiu hiding 
motive jio'.vt r. 

Regenerators with Dust Pockets In 1871^, (' W. Si. hk ns introdutfl a 
simple and tfleiJivt. im ans of privnling mill s. .d' .iml olln r iron (Imt iii tlx* 
firm of oxides, aixl also lx pud • higs, Irtxn g' tting in(') I lx rt ig'ix r.itor t ha min rs 
and tlxiker hrieks. 1 lx intens' at tion ol tlx Ixil gao s, l.td' n wilfi <lusl 
jjarlu k s, also fuse (1 the surf.ief of tlx hrx k\\ or]^. at tlx Ixiikh' ids and laodix ed 
shags wnx li IrxkKd down uj>on the (lx'k<rw'>rk in tlx* t hainin rs In hig 
I 27 it w ill l)C ohserv etl that the line liom the furnat < . at < at h ' ii'l ot llx* 

lurnact drops vc rtx ally lx tween tlu air and g.is rt g' m rat'x » xO ixliii,' lx )on(l 
the j>ort Ixdes, w lilt Ii ( lUer the sl.ig jiot kels laterally llo'us .it i- piov xh d at the 
bottom ol each slag p u ki I through whx h slag m.iy lx* reiixjvt d p( ri'xlx ally 
Rotating Furnace with Blast Pressure. - 1 he rot.iting lurnat ' illustiah d m 
F'lg. 128 was patenletl hy J K. lohiison 111 1876, with tlx ohg ( t of protixrling 
more rapid manufat ture of stei 1 hy s' ixliug slrt ams of air untF r pressure 
through the metal, from tuyeres arrang'd h' low tlx: hearth <ji the furnace. In 

' J' aiis, “ ‘sX-t !,’ p 4f { 
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addition to the blast under pressure, a gas supply, with suitable admixture of 
air, was also deliver 'd to the rotating furnace through the end ports. The 



Fi(. 127 — Siemens’ Furnace wilh Dust and Slag TockiF. 


furnace was mounted on a sj)ecial truck, upon which it could be rotated to 
uncover the tuyeres when the blast w-as not recpiired, and for discharging the 

metal after the com- 
l)letiun of the operations. 
'I’he whole furnace could 
In' moved 1)odily on the 
truck, from betw’cen the 
fixed gas and air ports, as 
desired d'lie blast pipe 
Connections to the blast 
box were made by means 
<j1 a ilexible jiipe. The 
use of blast 111 the manner 
described, iccalls tlie ex- 
pel unents of ( ieorge Parry 



Fk. 12S —RoiaUng I'am-iLC wilh Air Uhst. 


at the Fbbw Vale Iron Works in 1H55. 
Protecting Furnace Roofs. Fumace 


roofs 


are generally made of silica 
bricks for both acid and 
basic furnaio's. Modifica- 
tions in tlie dt'sign of roofs 
have been made from time to 
time, with the object of ob- 
tainin^f a higher etdiciency 
fiom the furnace, and also 
in I educing the wear of the 
material-, forming the roof. 
The change effected when 
the arched roof replaced the 
depressed roof was advan- 
tageous. In Fig. T29 are 
shown sections of a water- 
cooled furnace roof, for 
which a patent was obtained by W. L. Wise in 1875. consists of a series of 



Fig. 129 — Watcr-cooK'cl Furnace Roof. 
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sjXMrja} bricks arranged to form the furnace roof, ihroufjii wimh jujH's j^ish light 
across the crovMi of the furnace, as •'hovMJ in I'lg. ug. 'The hnek\>oik is kept 
cool by tile free circulation of water. 

Regenerators at the Ends of the Furnace In iS;; ( '. \V Sienuns 
obtained a paunl for a furnace' in winch the ngunratois wiic phned at tlie 
ends of the funue c instead ol iindiriuath 'I ins was ,in nnpioNeimnt ujHin 
the lailer arrangiiie nt, uhuh may he found m some \\( rks tf tins d.iy, althuugh 




P,?rr Se(' tiooti I (*Un 
Fe., 

dcfecliM- <!uc to lilt risk ol a running' bottom j)la)mg ha\(K' witli ilu < hanihcrs 
below. Jn modern furnaces the regem rators are j)la<ed at the < nd> of the 
furnace or undorntath tin w-nking j)latf<jrm. Winn the r* im nt rat(;rs arc jdaced 
below the hearth, it is usual to hav(. a vault immediatt I> b* !ow the centre of the 
hearth between the regenerators 

In log 130 IS shown a furnace with four reg< n'-rators liuili outside, and 
entirely clear of the furnace hearth. It is known as the liatho hurnace. 'The 
regenerators arc built in the form of cylmrlrifal tanks, from whuh the Hues arc 
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connected with the furnace ports and reversing valve-box, as shown in the illus- 
tration. One of the advantages claimed is the ease with which the regenerators 
can he examined and repaired. 

Basic Lining for Furnaces.— It was in 1878 thatS. ( 1 . Thomas patented the 
mixture which led to the success of the basic linings for both open-hearth 
furnaces and liessemer converters. The mixture proposed consisted of finely- 
ground magnesium limestone, with a solution of silicate of soda about 8 or 10 
per cent of its weight. When used in an open-hearth furnace, it ^Aas rammed 
round the bottom to form the hearth. Several modifications were made in the 
mixture first patented, w Inch formed the subject of subsequent patents, before 
success was assured. Fuller reference is made to basic linings and their com- 
positions, in (‘hapter II, Section III, on “ Refractory Materials.” 

Furnace Port Construction. — For some time after Siemens introduced his 
gas-fired furnace with regenerators, the method of constructing the ports 
remained the same, that Js, the gas and air ports were built through the ends of 
the furnace at about the same level. It was found, however, that the roof near 
to the ports wasted rapidly by the action of Ihe incoming gases, and the ports 
also suffered by the cutting action of the fiame as the gases left the furnace. 

'riiis led to the ports being made longer and 
narrower, and the air ports being placed a little 
higher than the gas poits, to promote better com- 
bustion and a freer mixture of both gas and air. 

Several modifications of the original form of 
ports have been suggested and tried ; some have 
either proved, effective or led to a more durable 
construction. The following patents indicate 
some of the improvements suggested, 

Air Ports through Crown of Furnace.— 
Hackney in 1878, and Hackney and Wades in 
1882, patented furnace ports in which the air 
entered through the crown of the furnace, descend- 
ing vertically or at an angle tow'ards the hearth, 
and mixing with the gases issuing from the gas port through the end of the 
furnace. In the later patent, llid same arrangement of poits w’as maintained, but 



1‘orls. 



Sectional end view 



FlO. 132.— Hackney and Wailcs Furnace Forts. 


an auxiliary combustion or working chamber was built independently of the 
furnace, but connected with it by means of comparatively light and portable 
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pipes, lined with refractory materials. Figs. 131 and 133 show the Hackney and 
Hackney and Wades’ ports res[x?ctivcly. 

Oas Port with Surrounding Air Port.-- In Fig. 133 is shown a sectional 
elevation of a furnace j)ort {xalcnled hy Dietrich in iJ^93. He liad tw'o objects — 
(i) 'I'o make the end of tiie furnace through which the ga.s and air |>orts enter, 
of a jointless mixture of refractory material; and (j) ' lo use gas ri'|»encnitors 
only, the air of combustion being admitted through a valve at the end wall of 
the furnace, combining with the gas in the combustion chamber. Wc are not 
aware that this tyj)c of ix)rt has been trK.d. 

bnci.\ 


• • [ 1 

Soctlor^ol novation 





Facilities for examining Air Ports, in 1 H 9 .I, K'.l.mson atxl 1 o|k' 
paUnlcd a means wlunliy the two air |>oil.s could ht; easily cxamim-d liy 
rcmovmt; a tile from the roof of the furnace over ea< h of the ports lly this 
means, labour and expense m n pairs were saved. I'tg IJ4 t> 'o«s one end of a 
furnace with the gos and air i.orls, tin latter l.cmg covered with tiles. 

Furnace with Movable Roof.- The convememe of lifting oil he furnace 
crown, for charging heavy masses of materi.d, which eotil. not be charged 
through the ordinary doorways of the furnace, is found advantageous nni er 
certain 1 ircumstances !■. W. Dick and J. Riley obtained a pate nt in i«Rt fo 
a furnace with a movaole roof. With su.h a root .barging <an be peiformid 
much more rapidly than by band, as triKk lo-ads of sni.all scrap and pig .an be 
emptied upon tbe hearth by the aid of an overhead crane / 

scrai) Steel can be lowered upon the hearth ( onvem-ntly. Modern ' 
machines have now supplied the means of rapid charging, altboiigb to tins day 
are used with' 'loose tops While visiting the wo.ks of 
and Uughlin in Pittsburg, U.S.A,, in the sumim r "f «'• 

acid-lined furnace with movai)le roof, in wlmh v< ry large lumps ; , . - 

ar old mil pmions.and other heavy castings weighing several tons, culd he 
p aced ' ‘ .1. ads of lighter scrap and rg canid he tipped also on to the 
£rth: Tins furnace waf used almost entfrely for producing sP el for foundry 
castings. 
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Fig. 135 shows Dirk and Riley’s arrangement. 



I'k;. 135. — T)uk aiul Kilty’s KtMno\ablc Fiirn.xto Koof 


Furnace with Gas Producer, Regenerator, and Hearth combined.— In 
1884, F. Radcliffe, of Woohvicli, paiented an o[)cn-hearth furnace with the 
gas j)ro(lucer and regenerator as part of the furnace structure. The regenerator 
rliaiuher was of special construction, and was placed above the furnace. In 
Fig. 136 is given a sectional view of the arrangement. 'I'he gas goes direct 



fiom the producer to the hearth of the furnace, mixing with the aii Nshich passes 
through a series of pipes made of refractory materials and placed in rows in the 
regenerator chamber. These pipes are healed by the waste gases, which rise 
from the furnace and pass around them on their way to the chimney. ’Die air 
used in the gas producer is heated by being passed through pipes arranged in 
the chimney Hue, which receive heat from the waste gases. In a modified form, 
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this furnace was used very successfully at Woolwich Arsenal and elsewhere 
There \Nere, of course, no reversals in the direction of the furnace gases. 

Suhsequcntly, in 18S5 and 1887, iMti-nts were obtainetl hy J. 'J'. King and 
H. Burrows resjH.'Ctivel)\ for furnaces with regenerators built after the same 
principle as the Radchffe furnace, but arranged ditVerenlly in relation to the 
hearth of the furnace. 

Regenerators at One End of Furnace only. In 18S5. V. Siemens latented 
a furnace having one set ol regenerators only, placed at one e nd of the furnace. 
The llame svsxpt round the furnace aiul jxissed down side ports to the regenera- 
tors hehnv, and from thence to the chimney. I'lie two rcgeneratois were 
arranged tor heating air only, and were used alternately hy periodic revctsals as 
follows' — The gas Iroin the producei mixed with the air passing from legeiur.itor 
on the right-iiand side, and wlnm the llame b.ad made its journc'y lound tlu; 
hearth of the furnace, tin* sp< nl g.ises .swept out at the left hand sid(‘ poll and 
through the other regem rator to the < himney W In n the air v.ilve was reversed, 
the same a* lion look place m the <i|>j)osile j)oils and ft‘g( lu ratois. 'I'his furnace, 
which IS known as the “\iw*l‘orm 4 ’ Su mens l''uin.i<e, is p.irliculaily well 
adapted lor ^mall < liarL;es lioin say two to n\e tons ‘Ihe intense heal 
generated is sonulinus ver) severe upon the lunkwank wluie the llame strikes 
the walls 1)1 fon' swet ping l>a< k to tlu outh I poil. If no obsta* les, siu h as door 
jambs, W(.re in tlu* way to inli iko' with an easy passage of the flame, less 
wastage ol biiLkwork wouKl take i)lace. log. 1 37 illusti.iies tlu finn.icc. 



gaseous and lujuid liiel couhl he us(ul. In l ig 1 pH is shown .1 seaional 
elevation of the furnace. 'The obj< ct was the niorr < omph t< utilisation 
of heat in the ojicndiLarth furnace than by any other d< sign ol ri gt.ncralive 
furnace. 

'i'hwaitc's furnace was designed uj)on theorclu al lin< s, and m his ojanion 
represented the ideal furnace, d'lie regem rators, or what lu n rnu d re(Uj»era- 
tors, are shown al)ov(‘ the furna<e lu arlh, and art for h* aling thr air only. 
They are separated by a central Hue, at the bottom of whu his the air inlet, 
through winch air under pressure from a Un is .idmilltui ami circulates m turn 
through each recuperator. The incoming gas passes through a brick battler, 
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and niixcb \\ilh ihc heated air from the recuperator before reaching the furnace 


nuniDf!^ 



hearth. 'Phe waste gases pass up the recuperator at the opposite end of the 



1 I _i)nn Opcn-hc.irlh I'lirnico wuh Iinprovetl Ki iierat(T>. 
furnace, at the same time heating llie balller bricks as the gases sweep out of 
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the funiace. A chimney surmounts the rmtral flue, and imnuduit. ly lu low I'l, 
chimney is placed the air reveisinj; valve Ihis aiul alv) tl.c ,■ is 

valve, are connected and automaiicalh coiurulli-d and optiatcd 

When oil fuel is in the fiirnaie,il is admiueil a^o^(• \hc haith i hie ks at 
each end and mixes with the air as it descemls liom th< r( < \\\\ latois. 

Improved Arrangement of Regenerators In l u; i ,s shown a pan 
sectional elevation of a furnace with u\i;etU'rator aiul iliu s, tor whi«h huh 
secured a patent in He arrnn-cd the n ecu, iat<M « hamiu is Mow ihc 

furnace in such a position as to ailmit^f tlu ir luun^ luiili (juitc indtpend. lU o| 
the furnace, with short lines hiaiuhiihc; into the veiiual uptakis loniudmi; tlu' 
ports and regenerators. 'I'he ujUakes extcndul ilownwanh, Ijulow th- hramli 
flues from the regenerators, forming lilx r.d slag pot k* is whuli ( ould he rhaiud 
periodically. As far as the slag jxxkets .itc comtimd. this di^ien differs 
from ('. \V. Siemens’ ile‘'ign of 1875,111 that tin sl.ig pn. kits .ik oulsule the 
regenerators instead ot'hetwiam them 

Furnaces with Double Hearths, ^iwi ral pucitts hur h. i n nhiaiiud loi 
fuinaces with two hearths. In* 1 8S7, Hatton pattiitu) a inlatin;; lurnue, 
the health and roof of which 


could be used alternately loi 

the chaige, the door and taji- 

})ing hole being midwa) he- 

tw'eeii the roof and litarlh, 

and on one side of the furnai e y 

only In 1890, G. Kodgt rs 

obtained a ]satent for a double 

hearth in a fixed furnace, as j. j,. j 

shown in fig. t.^o, whith had 

for its object tlie tapping of 

each hath of metal at different turn s 


/ 


(liri'n;’li !h.!( 


_ _ 

/ 

• if I 'oublc I |r irtll 


. Saniter in 1900 and 'Talbot in 1901, .iHo pate nti'd fmn.u ( s with double 
hearths for continuous operation. It is soim what doubtful wb. iber tin ( ( onomy 
and convenience of sik li an arrangeiiK nl .ire veryapj»i(< i.iblt , except undi r vi ry 
sj)ecial ciri'umstancc's 

Furnaces with Tapping Holes at Different Levels. -In Samier’s jiatent of 
1900, he embodud the idea of two taj)]»ing holes from the luinace liearth, .ind 
Sur/ycki m 1902, pat< nti d a furnace w ith .1 deep Ikartb r 

having tapping holis at different h vc'ls, with the ob|e< I b 

of continucnis mi lling. 'Theuppci tap hole could be ' 
used time after time without disturbing the nulal in 
the bath below. 'The bottom tap bob' was only opened 
as recpiired for emjjtymg the furnace or repainng the 
bottom. Sui/)ckTs furnace has beam used veiy 
succ:essfully ' for continuous^ steel manufa' lure in tins 
way. Fig. i.p shcjws tiie airangc merit oT tapping 
holes 

Tilting Open-hearth Furnaces Tin value of the 
tilling furnarc m c^pen-lKarlh stnd mamifac tiir< is 
found in dispensing with the ordinary tajijung hole*, 
and IS practically demonstrated whenuscal for the* Ijasu 
process by the ease with wtucli slags ran he removed 
as required. It is abso of special value in tlu- • onluuious jirocess of steel 
manufacture, wlierc only ])art of the charge is jiourcul from the furnace at 
one time. Several kinds of furnaces have been patented and employed for 



' “Journal Iron and Steel Iiistiluli:,” b p 
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steel making, most of which differ chiefly in the mechanical features of 
design. 
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In 1889, the Campbell furnace, now so ^^ell known in America, was intro- 
duced at the works of the Pennsylvania Steel ('0. by II. H. Campbell, the 

designer. In Fig. 142 is shown sectional 
elevations of the furnace. It is operated by 
means of a hydraulic cylinder and ram fixed 
horizontally to the furnace foundation, the ram 
being attached to the bottom of the furnace. 
The furnace rotates about its own axis in 
circular roller p^ths. 'I'lic ])on holes are 
oval in the movable part of the furnace, and 
coincide with the fixed gas and air ports when 
the furnace is in a horizontal position. Much 
improvement has been made in the ('ampbell 
furnace, both in construction and means of 
tilting, since first designed. 

In Fig. 143 is shown a sectional elevation 
of the furnace patented by Wellman in 1895. 
The furnace proper is cylindrical in form, to 
the bottom of which is fitted a toothed segnient which engages in a rack 
mounted on foundation standards. The tilting is done by means of a hydraulic 



Fig. 143 — Wellman Tilting 
Furnace (1895), 
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cylinder and ram. The gas and air ports shown coimide with the wmis 
from the regenerators wlicn the lurnac e 
is in a hon/ontal position. 

In 189S, a modification of the 
foregoing furnace was ]>atcnted by 
G. J. Johnson for the Wei I nun Sea\er 
Kng. C'o Instead of using the lack 
and tootlied segment, the liiriuce is 
supported upon rockers whu h permit^ 
of Us being tilled to disi'haige Us 
contents. 'I'he hydiaulic (ylmder 
with ram and attachments, ])H>\id(‘ 
the means for tilting the furn.K e log 
144 shows the unproved design. 

benjamin 'Talhol in 1900, patented 
a movable Hue (^)nneclion tt:) woik in 
conjunction with the Wellman* tiliiiu' 
elevation of the Hue at the iun< lion of 
the uptake and the side wall ot tlu fur- 
nace. The faces ol th(‘ Hiu* at tin* 
junctions are w-ater-cooled, as well as 
the toj) of the uptake Hue and fa( of 
the wall of the furnace round the j>oits 
'i'he movable Hue is arranged 111 .1 Irame 
mounted on rollers, and (MU be moved 
a few inches from the face of the1mMa((‘ 
when It is being lilted. 

In the latest design of W'l liman 
furnace, a water-seal is provided at the 
junction of the air and gas uj>tak(s horn 
the legeiterators with the mov.iblc Hue, 

It is so arranged that .1 small movement 
of the port can be made witbout bnaking [ j' 
the water-seal. 

Furnace with Air Regenerators and 
Gas Producers combined. In 1907, j ,,, 

V. Siemens obtaiiual a [latent for a gas- 
fired furnace in whiih gas was .idmitled 

at each end of the furnace alternately bom g.is jirodmeis loiming jiait o( the 
main structure’. In I'lg. I 

146, whu h shows a sec- 
tional elevation of tlie 
furnace’, U will he ob- 
served that the two gas 
[irodueers are < onma led 
by an ov^head conduit, 
and that the sujiply of gas 
to each end of the fur- 
nace alternately is con- 
trolled by two valves, 1 

one of which is open j. k-,. 1^6 l- an.-c* <- (... . hn- iuccr at e.'ith end. 

while the other is shut. 

The air is i)asscd through the regenerator, to the furn.a* e in the ordinary way. 
'Ihvo regenerators only arc used, both heing [Tu i <1 umler tie.’ furnaee. 
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Ftiniaces with Liquid Fuel. — During recent years, the application of liquid 
fuel to the open-hearth furnace lias developed in countries where oil can be 
obtained more chcaj)!/ than coal for producing gas. Numerous designs of burners 
for the use of liquid fuel are employed with success in large and small oi)en-hearth 
furnaces. It is unnecessary to alter the construction of the ordinary open-hearth 
furnace to employ a liquid fuel burner, but it is a common practice to make use 
of the gas'and air regenerators for heating the air for combustion only. When 
oil fuel is used, it is only necessary to make a hole through the bulkhead at 
^ each end of the furnace, through whicji the oil burners are inserted. The 
burners are of course used alternately, the one not in action being ivithdrawn 
sufficiently to prevent it from being damaged by the flame. This is easily per- 
formed, as the connections to the burner are flexible. 

The oil is pumped under pressure to the burner, and steam or air under a 
pressure of usually about 40 lbs. per square inch is passed through the burner 
for producing the necessary volatilisation of the oil. 'I'he hot air from the 
regenerators mixes with th« fuel in the port just before entering the hearth of 
the furnace. , , 

In Fig. 147 is shown one of the many improved types of burners. It is the 



patent of Mr. C. H. Speer, who with Mr. W. M (’arr has made several 
improvements in oil-fired fuinacei in the U.S.A. .Speer’s inijiroved burner is 
made with the object of avoiding the removal of the idle burner from the 
furnace while the other one is active. To eflect this, a water-jacket (through 
which a liberal circulation of water is kept iij)) surrounds the burner and keejis it 
relatively cool. 1 he water is carried to the end of the water-jacket by a small 
pipe indicated on the sketch. Jlelween the water-jacket and the burner proper 
is an air space which prevents chilling of the fuel vapour and air or steam 
passing through the inner pipe, and at the same time protecting it from the 
intense Action of the flame. Fig. 148 shows the burners in position, the ends 



of each burner being supported on a small block of refractory matciial resting 
on the port of the furnace. 
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With reference to the position of the oil fuel inlet to the furnat e a has horn 
suggested to introduce the burners at the top of the regenerator ehaiulx rs. 

Conclusions. — From the foregoing descriptions it may he (lUieludid that llie 
modem open-hearth furnace ditfers only in small details Irom the original 
furnace designed by Siemens Brothers. 'Tho j>rmoij)le of r( gcnoiaium is ilie 
same to-day as when applied in 1S56 by Frederick Sienu-ns The mirodiKiu)n 
of the gas producer was a step forward, as the use of fun insie.Td ol two 
regenerators became possible, hence both gas and an were lu au d hrlorr mi\mg 
in the furnace. Improvements in the relative si/es and [losition ot air and g.is 
ports have increased the durability of tfie furnace lining atul jHiris 

Some of the many patents have never assumed any praetieal shape, hut ha\e 
nevertheless indicated lines upon which improvements eouKl be made*. 

The most noticeable feature of the modem furnace' wlu ti compaied with llu' 
first furnaces employed for steel making, is the magnitude' <il the c.ipac'ity. 
Furnaces of the fixed type are made as laige as 180 tons rapanly, while' the 
tilting furnace of the Talbot continuous tyjH' ai«' made# to take tons 

In the following chapter on “^rhe Design of l*i\c'd Opeiiluaith I mnaces/' 
details of furnace construction arc given more fully. 



CHAPTER XXVII 

THE DESIGN OF FIXED dPEN-HEARTH FURNACES 

In the design of furnaces of the Siemens or Open-hearth type, some difference 
of opinion exists on minor points, but there are certain considerations which 
must be observed if good results are to be obtained from the furnaces. It is 
not so important that the form of furnaces, or the methods of building them, be 
alike, as that the relative jJtoportions of the iworking parts bcT correct. These 
proportions differ only very slightly whether the furnace be fixed open-hearth, 
basic or acid, or of the tilting type. In the case of open-hearth fixed furnaces 
used for the continuous processes, variations occur in the sizes of the hearths in 
relatio) to their capacity, but in other respects the design differs only in a small 
degree. 

The Open-hearth Fixed Furnace 

The open-hearth furnace proper consists of two main parts, (i) the melting 
hearth, and (2) the regenerators, but in addition to these are the flues and ports 
which connect them, and which play an important part in the efficient working 
of the furnace. There are also the valves which regulate the supply of air and 
gas, and the chimney or stack for carrying away the spent gases. The supply 
of fuel, and the relation of the gas producer to the size of the furnace (or the 
size of the pipes if the supply of fuel be natural gas or oil instead of coal), have 
an important bearing on the design of the furnace. 

The following will therefore be considered : — 

(1) General details of furnace. 

(2) Hearth, * 

(3) Regenerators, including slag pockets. 

U) Valves and flues, 

(5) Chimney. 

(6) Gas producers. 

General Details of Furnace. — Plate VI illustrates a modem fixed open- 
hearth furnace, which is a marked improvement upon the older form of furnace 
shown jp Fig. 149. The body of the furnace is supported upon concrete foun- 
dations, quite independently of the regenerator chamber walls. The bottoijois 
and sides are built up usually of cast iron or casf steel plates bolted together, . 
These are further ti^ by means of rolled steel joists placed vertically against 
each side of the furnace and outside the plates, having their bottom ends secured 
to the foundation girders and the free ends over the top of the side plates tied ^ 
vwih cross stays. The ends of the furnace are usually unplated, but vertical 
r^led steel joists, such as are used for the sides of the furnace, are used at the 
ends, with strips of rolled steel placed between them and the brickwork. Long 
ties, stretching the full length of the furnace above the roof, hold together 
end uprights (or buckstays, as they are called). The brickwork uptake flues 
i^rom the regenerators are, as a rule, held together in the same way by means 
of ties, plates, and joists. 
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of view only of comfort to the nieller in examining the furnace without scorch- 
ing his face, their adoption is advisable. A man will not take the same care 
of the furnace if each time he goes to examine it he is subjected to unbearable 
heat. 

'I'he charging platform at the furnace is supported by girders and columns, 
and is fitted, in the case of large furnaces, witli rails, upon which the electric 
charger operates. A track is also placed alongside the front of the furnace, or 
behind the charging machine on the platforms, for the cars of raw materials, 
(iencral arrangements of furnaces, mixers, cranes, etc., are given in Chapter 


XXXII. 

Hearth. — Fig. 150 shows a modern form of fixed hearth, the bottom of which 
is made of cast steel plates, securely bolted together and supported upon steel 

girders. Refractory 
materials for the 
lining are built upon 
the steel jilates, and 
ultimately the hearth 
is shaped to the 
depth and form 
re([uired. 

Relation of 
Hearth to Capacity 
of Furnace.- Taking 
¥■ of liquid 
steel to equal i cubic 
foot, 5’ 2 cubic feet 
will contain i ton. 
The cubical capacity 
in relation to the out- 
put in tons of steel 
depends upon the 
length, breadth, and 



Kii.. 150. -Rcfr.rcloiy Lining of Modern Basic Open-hearth Furnace. 


dc[)th of the bath of the furnace. These three dimensions are each important. 

(a) It is uot advisable to hav*' the hearth too short, or the gases which supply 
the lieat will escape before they are projicrly utilised. 

(^) 'I'he width of the furnace is limited, owing to the difificulty in re^^iring 
and patching it between the heats if it is too wide, and also in maintaining a 
good roof. 

(c) If the bath is too shallow, losses due to oxidation result. 

The third dimension, as a rule, is determined after the length and width are 
fixed, the product of which give the surface area in square feet. In British 
practice, the area of the bath for furnaces up to 15 tons is approximately 12 
square feet per ton of steel capacity, and 8 to q sipiare feet per ton capacity 
for larger furnaces. For instance, the following sizes of furnaces are typical of 
British practice : — 


u ii) of fiiricicc. 

1 en,;ih of he irth 

WuUhofhc.irt!) 

Area of l>cd. 




S<1 (t 

S tuns. 

I .V 0" 

5 ' 0" 

65-0 

10 ,, 

1 *4' 9” 

S' 6" 

I 25‘37 

20 ,, 

17' 6" 

9' 6 ' 

169-25 

30 M 

24' 0" 

11' 0" 

264-0 

40 .. 

2S' 6” 1 

11' 6" 

327-75 
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There are, of course, many furnaces which differ from these dimensions, hut 
the above represents the average practice. The following arc some dimensions 
from American piaetice . — 


— 

— 

1 



l.I 


iir 11 1 S 

\o -4 . 1 1 r 

ir 4 1 If.i |wr 

'>haro(i 

5 oe<:iN 3.)' 0" 

1 t' (>” 

i >< 1 

4 -‘> \ ' 

' 1 ■' 

^ 1 

I-lUgiiiltl 


1 s »)” 1 

4^0 0 

(;o) 

Illinois ( ; < .. . 

C)" 

U’o' i 

4 |SO) i 

') t> 

IllliJlUM.i 

<*o 1 ns 0' 

if 0' i 

»:j , 

7 -V 

('l.iirUlu 

■ ■ .W '>" 

Is' r 1 

,SS 0 

s-M 

(.w\ 


i kC o ' 

s;(' '> 

0 '* 

1 .at Iv m.ii’ n 1 , 

• • 7 > ■ '“i 4 f <> ' 

10' 0 

7 .‘o 0 

0 0 

<«ary 

40 0" 

It*' i>' 

(ijii 0 j 

1 

Si 

It will l)t‘ t)bs< 

I i\ 1 tl ih.U llu re a^e v.ui^li 

• 

ons m the dim 

1 lishms, esj 

H ( Lilly 111 

the 75 ton lurnae 

c, luiMiig an .in a ol j2o 

tv'pi.lie let 1, ( >r 

y 6 s«iu.it< 

‘ (t el i>er 


ton <.ipa< iiy, .is tomj»ared with tlie 6o-l«m lurn.ice lia>mg .in .ir< a o| 7 S; s(jiiare 
feet p> r Ion c.ipaeilv, It is not eonshl< ri d advis.iblc to h ss th.m i) s(ju.iiu 

feel lu arili arc.i jx r ton of sit el nn lleil jk-t luat, and .dxmt 13 h tt should In; 
tile linul to the sNidth for suwisslul operation. I lie tuiveshovsn in log. i^i 



Flo. 151. — r nrvc showing Mean V.ilnc of Relation of Ar« .1 <>f f uiiner lliarih to 
Furnace ('apacity. 


Thn stars on ( iihcr sitic of ihe curve give th** .i< tu \1 o 1 itionslup of .m a to ( .ijmi, ity r;f fuui.K ci. 

ui oj>cr.t(iou. 

gives a mean value of the area of the hearth in relation to the caiiauty of the 
furnace. 

Eegenerators.— There is no doubt as to the correct position for the regene- 
rators in their relation to the hearth of the furnace. 'Ihe old nielhod of placing 
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them directly underneath is not considered at all satisfactory, although furnaces 
are still found with regenerators in this position. Modern furnaces are invariably 

built with the regenerators under 
the charging platform, leaving a 
good vault between them and 
underneath the furnace hearth. 
Fig. 152 shows a modern set of 
regenerators. .Slag pockets, as 
shown in Fig. 150, are most use- 
ful and necessary, and by placing 
them as shown, the slag can be 
removed as is found convenient 
while the furnace is at w'ork, with- 
out causing any delay. When 
Fig. 152. — Re^oneralor Chambers and Chequer-work ^^‘^8 ilCCUmulates it is cut away 
for Modern Open-nearth Furnace. from the extreme bottom, leaving 

^ a layer about r foot thick. As 
more slag accumulates, the cutting away is continued, and so on until the general 
repair of the furnace takes place, when very little labour is required in removing 
the remainder of the slag. 

Capacity of Regenerators. — The relative capacity of the regenerators per 
ton capacity of the furnace, diffeis considerably in furnaces in actual practice, 
as w ill be seen from the details below, given by K. G. L. Roberts.^ 



Ixjcation of furnace. 


Jtarrow, Rngl.ind 
Illinois Steel Co., U.S.A. . 
l.aughlin, U.S.A. . . . 

Sharon, U.S.A. . . . 


Sim of 1 

Volume of 

Volume per ton 

furnace. 

re^i-iicraiois 

capacity 


cubic ft 


50 Ions 

2150 

43*0 

4326 

S6‘5 

,, 

5628 

112*6 

1. 

6410 

128*2 


There is a tendency to increase the relative volume of regenerators to the 
tonnage of the furnace, and the practice in America is to work to about 
150 cubic feet per ton of steel output per heat, or an equivalent chequer volume 
of about ICO cubic feet. 

The following sizes are taken from British practice, and may be regarded 
as typical : — 


Size of furnace. 

1 

Capacity of each 
gas chamber. 

Capacity of each 
air cliambcr. 

Total cubic feet 
per ton 
capacity. 


Cubic feet. 

Cubic feet 


5 tons 

270 

400 

134 

10 M 

650 

850 

150 

20 ,, 

890 

XO5O 

97 

30 „ 

1270 

2150 

114 

40 „ 

1450 

1750 

80 


Form of Regenerators. — With reference to the relative sizes of the 
regenerators, the height is considered by many to be the most important 
dimension. It varies according to conditions of site, and it is difficult to fix 

‘ “ Iron and Steel Times,” June 24lh, 1909. 
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a ratio of height to width jx'r ton of furnarc capacity which would 1*0 siiitahlo 
for all M/cs of furnaces. It is, however, ohvious that if the* [iatliway (^f the spent 
^;ases through the regenerators is short ami wide, the eliC(|uer-woik will not he 
so likely to receivt as much heat as if the width were restru tctl and the height 
c'orres[K>ndingly inert a^ed. From a nuniher of Inmates in ust' the apprtuimalc 
relative proportion of llie narrowest widtiv to the depth for gas chambers is as 
1 . 2. and lor air ehamhers 1 : r5. , 

Chequer-work in Reg^eneralors. ‘I he si/cs and (jualiiy ««f the hrit ksused 
in regtneralor charnhtrs \ary. Some users prtfer ''(juare hiieks, and others 
bricks of rectangular set turn; in fact, tlfere art* mans tliHerenl ways of huiKling 
the brnkwoik m n gt m rators. Fig. 153(0) slurws the tudinars im ihod adopted, 
where stju.no hrit ks are ust*d, spaced about 3 to \ inches apart in alternate 
rows, between whuh are stret* hers or tiles, winch arc likewise sjcaced as tlie 


1 ;:i N 



f a ) 

Seclicinal Elevation 



Fl .. 155 --l)cltils I'f ('hcfpicr for Rrgrnn.nt'i-’, 


stpiares, hut at right angles to them lig, 15^ (A) shtiws another m< lliod. Hrit ks 
9" X .tii ' X 2y ar«‘ pi u I’d as shown in plan, ami wlit-n built up the hritkwork 
is virtually a m nes of llin s 4" x 2^". log. is3f‘) siiows yet another method, 
in vliK h a sjitiially shapctl brick is usctl, wlmli gives jht ei-nt. more 
air space than lineks shown m (</) and (/•), with the same si/e of regenerator 
chamber in each case. Fig, 154 simws the Diclruh form of < hequer brick 
wiiu h is used with siu ( t ss in se\tral sit cl- 
works in (ieimaiiy. .^ilica ciiC'imr lui< ks an' 
somctinies used throughout the chamhi rs, hut 
more Irequenlly only where the lieat is most 
intense, the rem.nntler being t)f fireclay. 

Gas and Air Ports. — Dilfcri nt forims, si/(*s,# 
and numbers ot gas and air [)orls aie fouml 
in open-hcaith fuinaces. 'I'lu y are commonly Sectional hlevdtion 

built up to the main body without forming a *54 Dietrich ( lictiurr 

part of it, in which case they are hound with 

separate hinders and slays andean lie altered and repaired w ithout disturbing 
the furn.icc l)ody projier. In modern furnaces the l( ndeiiry is to make long 
ports, slojjing towards the hearth so as to maintain liie diret lion of the gas and 
air even when the ports have worn away considerably, ( ’arc is also tii^cen in 
binding the hrukwork logeiht *, to pre\cnl any,jx)ssih)iily of gas and air mixing 
in the jKirts before reaching the furnace, due to rents causeil by the exparnsion 
of the brickwork. When tins occurs the ]>orl.s burn away more rapidly. 

In America the use of waler-cooh d ports is becoming more common, as the 
trouble, delay, and expense of frerpu nt rt jiairs to the ordinary ports is so 
considerable. The American silica bricks do not wear so well as Furo|)ean 
bricks, since they contain more oxide of iron and lime than are found in 
the latter. 

Arrangement of Gas and Air Ports. — This varies very much ; the uptakes 
from the regenerators differ in form and si/c, l)ut arc arranged so that the gas 
and air mix at the end of the port opening into the furnace hearth. Fig. 150 
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shows a sectional elevation of a modern port, giving uptakes from the 
regenerators. The two air flues are made to converge in one opening just 
above the gas port leading to the hearth of the furnace. Where the furnace is 
wide the practice is to divide the air port, thus making two air port openings 
into the furnace, which causes the air to spread more easily over the hearth. 
The height of the roof has an important bearing in the arrangement of the ports. 
Roofs ivre now being made higher than formerly, and without the dip in the 
crown, which w'as introduced with the idea of deflecting the flame on to the bath 
of metal. Many furnaces have more than one gas port at each end, and it is 
not uncommon to find three gas ports and four air ports, arranged in such 
a manner as to give equal distribution of gas and air. 

Sizes of Ports. — Judging from the si/es of gas and air ports of furnaces in 
actual practice and apparently doing good work, it is dilbcult to find a definite 
relation between the area of the ports and the tonnage capacity of the furnaces. 
'File following average areas of ports in square inches per ton of furnace 
capacity give an idea of British practice ; — 


TAIU.I'. LXXVIII 
Arfas of (IiAS and Air Ports 


.’np icily of j 

Gas poitj. 

Air ports. 





furnace 

No. 

Tot.il area 

No 

! Total .irea 


ins<i inv 


in S([ ins 

5 6’ns 

I 

250 

2 

310 

10 ,, 

2 

380 

3 ' 

620 

20 ,, 

2 

5'0 

3 

700 

30 ,, 

2 

700 

3 

1050 

4 <^ ,, 

2 

I 2 (X) 

3 

1600 



Ga* p<irts 

Air port* 


Arc* in square 

Area in vpiare 

to K*!* 

itn tici per (on 
capacity of 

inciies ptr ton 
c ip iciiy of 


furn.ice. 

furnace. 

. |• 24 :I 

50*0 

62 

1*63:1 j 

38 0 

62 

> ■ 37 : 1 

25-5 

35 

1*5 :i ‘ 

23 3 

' 35 

I 33 - I 

30*0 

40 


Mr. A. 1). Williams, jun.,’ gives the following si/es of gas and air ports in 
American open-hearth furnaces : — 


I r>c Uion of furnace 


50-ton L.iughlin . 
50 -ton 1 1 omcstc.id 
50-ton 1 luqucsno 
40-ton lIomeste.nl 
20-ton Alliance . 


Gas port .itca. 

S<i ft. .St) uis 

(>•85 = 98()'4 
So = 11520 
io'5 - 1512*0 
8*0 - 1 152 o 
28!-- 404*6 


Air port are.i 

Si] ft S(| ins. 
18 4 — 2649 6 
18 -- 2592 

18 “ 2592 

14*25 = 2052 
12*5 = 1800 


If these areas are worked out in relation to the furnace capacity, the following 
figures are obtained. 


Loi-ition of fum.-itc. 


50-lon I,.aughlin . 
50-ton Homestead 
50-ton Duquesne 
40-ton Homestead 
20-ton Alliance . 


. '' 

Gas pxarts 1 

Area in sqn.irc inches per 
ton c.ipuiiy of furnace. 

Air poi ts 

Area in square iiuhe> (>er 
ton (ap.iLity of furnace. 

19*7 

530 

230 

51*8 

302 

51-8 

28 8 

5*-3 

20*2 

900 


* “ Iron Age,” vol. 76, p. 741. 
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From British and American practice it is (juilc clear lliat no fixed rule is 
followed ir> huildm^ tilher the gas nr *ur |>orts. 

Valve* — 1 he \alvts of an ojxn-heaTth funuicc [)eiform im|X)rtant duties 
and require to be ^ell constiucted, otherwise much trouble may be caused in 
operating them, as hcH as loss of fuel. 'I'ho air xahe is not sub)(<t(d to the 
heal that the gas valve ri.ceives from tlic hot gases, aiul is not, therefore, liable 
to the same liv formation. Many designs ot valves arc m us<‘, aorve giving 
excellent results, while others arc faulty and give considerable trouble, nithcrent 
t)qx,‘s ofvahrs are descril>eti and illustrated m ( haplcr X\IX. Teihaps llu' 
most imj>ortant Icature of a gooii valvews its capability of being reversed tpiickly 
witli a mimmiim loss of gas. 

Sixes of Valves The following table gives the average si:es of valves used 
in open heartli fuinacifs m this country ■ — 


<; i. 
10 ,, 



iS 

22 ' .. 

20 

2S ' .. 



3< 


>>■' .. -to' 


The folh'iwing si/es ot gas and air valves, m relation to the si/es of the 
furnace, are given helow (.\meru.ui practice). - 




IS ’“n — - 

?!' tun Alliviicr (< >hi>)) . 
JS'ton XScllm.-vu Sr.-wtr 
35 ' I IlliiHUi Strfl ( 11 
5o-t(in Wrllman S^a\cr 


24 ' I5uit( ifl> 
i7" t 

\ l ' Mu'-hiO'-m 


27” MuttrtM) 

27" I >'lt. f 

.v>" .. 

33” ,Mti 

' tiiiUt ifly 


Flue*. —All furnace Hues should he of lilx ral dimensions to allow for the 
free passage' of gas and air to and from tli^ furnace, I hcy should also Ur 
ronstiucteil with as few (,orners as possible to prevent choking and cutting of 
brickwork, d'hcir length dejiends upon the location of tlur gas jiroducers and 
the rcgcneratois. Some favour very short fluc.s between the furnaces and the 
gas producers, ])referring the gas proiliK ers < lose to the furnace as in the rase of 
the “ New'-h'orm ” Siemens furnace. Where the gas, luiwevi r, passes through the 
gas regimeralor cliamliers as is the general pr.iclice in large furnaces, the 
producers are placed at as short a distance as possible from th<? reversing valves, 
depending upon the conditions of site and local facilities for eoaling. , 

Sectional Area of Qaa Flt^e. 'I’lie cross seeiional area of the gas flue should 
be slightly larger tlian the reversing valve, whi<,h determnies the atnounl of gas 
passing to and from the furnace. One writer* gives .1 rule for tlie ,si/c of gas 
main in relation to the grate area of the gas [irodurer, i.c. one sfjuarc foot 
for every 8 square feet of jiroducer grate. 'I'his rule could not he applied 
generally, as the grate areas of different designs of producers are not all the same 
relative si/e to output of gas. 'I'lic area of the flue leading from tlie reversing 
valve to the chimney is usually made of very liberal proportions in relation to 
the size of the reversing valve. 

Chimneys. — A good draught is essential to the eflicient working of a furnace; 

’ “Iron Age,'’ vol 76, p. 740. 
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ample dimensions are therefore necessary. Each modern fur- 
nace is fitted with a sejiarate slack, and this is important and 
advisable in view of efficient control by dampers. Chimneys 
are rarely built of brickwork entirely, the usual practice being 
to erect self-supporting chimneys of the type illustrated in 
I'ig. 155. 'I'he casing is made of steel plate from ^ inch to 
J inch thick, depending upon the size and height, and is 
usually lined with firebrick throughout. The casing is sup- 
ported in a cast-iron bottom ring which rests upon a sub- 
stantial concrete foun<j*ation lined with fireclay bricks. It is 
usually secured to the foundation with six large bolts, the 
ends of which are fastened to cast-steel brackets rivetted to 
the outside of the steel casing around the bottom, making a 
very reliable structure. 

Sizes of Chimneys. — Many different rules arc given for 
calculating the cross-sectional area and height of chimneys, 
which can be found^in llm numerous pocket and reference 
books of engineering formuhe. It is not intended to detail 
these here, but to give actual * results from jiractice. The 
following give some average sizes of chimneys used in bntish 
steelworks practice, which vary consideiably in different 
districts : — 


Ik'low' are given the sizes of chimneys used at several 
American works. 


Si/c uf fiirnai.e. 

1 Di.nii 

at Im^c 

Area at lias<, in 
sq fett 

In 


• ' 4' 

0" 

12-5 

90 

V-lliu.in-ScMVtr 

5' 

0" 

19 6 

«25 

Conn. . 

4’ 

w 

17-1 

114 

omcstc.id . 

, 5' 

0" ! 

19 6 

140 

uqncsne 

' 1 

6" 

1 237 

ISO 

linois Steel Cvj. 

f 

0" 

2S-3 

160 


iLIj/ 1* Producers for Open-hearth Furnaces.- In 

^ deciding what si/e of producer or producers to instal, the con- 

^ sumption of coal per ton of steel and the size of the furnace 

are the main factors to consider. If 600 lbs. of coal per ton 
consumed, and 50 tons of steel are produced 
^ ^ every 8 hours, the total coal consumed in the producer in 8 

Fig. 155. -Self- hours is 30,000 lbs. or 3750 lbs. per hour. I^rge gas pro* 

cllTmnc^ ^^for made which aie capable of gasifying 30 tons of coal 

Opcn^hearihFur- 24 hours, or tons per hour, but experience shows that it 
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is safer and more leliable to base calculations for the size of a i;as protiuccr not 
on the guaranteed output, luit on a liberal |H.'rrenlage below the figures given. 
It is also preferable to have two or three producers groujxHl together leeding 
one furnai e, rather limn to rely one large one, which may be stopjrcd lor 

any cause. In the case of llie 50-lon furnace ref< rr<‘d to, at least two large 
producers would be reipmed, but it is more usual to liiul cute Midi furnarc 
coupled to three or four smaller prodiu ( rs. * 

Orate Area of Producer per Ton Capacity of Furnace A rule give n for the 
relative si/e uf producer tt) the capacity ol furnace is \ 5 s(|uare Icct of piotlurcr 
grate j>er ton of furnace cap.i< iiy, hut flus cannot he taken as a general rule, as 
all jirodurcrs do not gasify coal at the same rate jkt stpiarc foot of grate area, 
and all ctral used is not tlie same <piality. In 1 able I X\l\ are given {xir- 
tieulars of the grate area of gas producers used lor dillcunt si/cs ol ojxmi* 
hearth furimrcs. 


T.MU r. I. XXIX 


I'koI'C-IKS (Vinmimkiu lo'ltwcfs 


N * anil - f 

;inKiin 


rii..hi' ft ik'air 


Nq. ft 


IVf i‘>ti I f fu> t)a< 0 
liv 


Kci It'll. 

15-toM W ( 11m tii-StMNcr . 
20’t(m .\lliaiK<‘, ( >hi' • 
40-t()n ( ii.unl 

50-1011 I l!in<»is ^tt<. 1 ( ' > 

50-1011 Lul^t :o 

50 ton ('hio . . . . 


Si< UK ns 

2 I illx't 10' o" 1 

5 \lorgiM 10' o' i 

1 ,, 10' o ' I 

.n'd!-a 10' 0' I 

Diitl 12' o" 


2 S -4 1 

2 S4 


(> 1 1 

100 ; 

s 

-ru 1 

s 

1 

(> 21 

isr i 

] oH 

252 

5'>1 


It Will be ohserwd that the producer grate area per ton rapadty ()f furnace 
varies from 2 8.^ to b 2 j srpiare ft < t in the particular (Mscs meulionctl. So 
much, however, depends upon the quality of llu* ( oal us<'d .lud llu‘ cIIk icncy (jf 
tiie j)r()ducer and lurmue, that ll»e figures i^ivcn 10 the table only convey 
approximate rclaHuiiship.s. 



CHAPTER XXVIII 


COOLING DEVICES FOR OPEN-HEARTH FURNACES 

Ordinary refractory materials of the best quality cannot endure for long the 
cutting action of tlie furnace gases. The temperature required for melting and 
converting the materials into steel, together with the action of the slags, cause 
the furnace linings to w’ear more rapidly in certain parts. Perhaps the ports, 
bulkheads, doors and dobr jambs of the furnace suffer most. When the ports 
wear, the roof soon follows, and thc< cost cf repairs then becomes excessive. 
'J'o increase the durability of the furnace parts which are subjected to the most 
rapid wear, many cooling devices have been introduced, some of which have 
given most encouraging results. 


I'UKNACE Ports 

Solid Ports. - Pig. 156 {a) shows a sectional elevation of an ordinary solid port 
for an open-liearth furnace. (Ireat improvenfents have been made in their design 
during lecent years, it having been recognised that the angle of inclination of 
the port to the furnace hearlli and the length of the poit have an inqx)rtant 
bearing in prolonging its life and piomoting better melting conditions. Fig. 


156 (/') shows what a port is like when 



Section through ports 

Fie. 156. — Solid Torts 
(«) W'licn new ; 


vorn. In this condition the efficiency of 



Seclion Ihrou^h ports 


ir Opcn-hcarth Furnace. 
[b] when fturn. 


the furnace is reduced, because the direction of the gases cannot be regulated 
with any certainty. Instead of sweeping down upon the bath of metal, the flame 
cuts into the brick\\ork of the roof near to the ports and then passes over the 
metal and out at the opposite ports, without delivering a proper share of the heat 
to the contents of the furnace. 

Water-cooled Ports. — To prevent excessive wear in ports such as are repre- 
sented in Fig. 156(^7), several kinds of water-cooled ports have been introduced. 
Fig. 157 illustrates a type which has been used with satisfactory results at the 
works of the Pennsylvania Steel Co., Steelton, U.S.A. This device was designed 
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and fxitcnted by Luther L Knox. 'I he port consists of a removable frame, whii h 
is placed between the u[)take flues from the regencralor> and the end wall of 
the furnace Fij;. 157 .r shows a liont vn w 
of the inosable port frame in which is 
built a hollow tank (shown in detail in 
Fig- ^57 /'), which forms the arch of the 
gas port and the floor ol the two air jM)rts, 

'Lire tank is built inli) |H)sition with silna 
bricks, and when fmished can bcjifteil 
between the (unnct* wall and uptake titles 
in a few' minutes b) means of an overluad 
crane. 

'I'he movable port frame is nunle of 
rolled joists and is ot ve ry simjile d«‘sign. 

In big. i57<‘ is shown a sale sectKmal 
view of the frame in winch the hollow 
tank is shown Water is (inuUted 

through the tank by inlet ami outb t 
j)i{K's. 'The inlet pipe extends right a( loss 
the face ot the insuli* (fl the tank neatest 
the surface most exposed to the hot gases 
Streams of water at a pressure of 12 to 
.^o lbs iH*r s(juare im h issue through per- 
forati(jns in the pn>e on to tlie inside surface* of the tank, and lcav<‘ by the outlet 
pijx) at the same end but at the back side of the tank. A " bb)w through” 
pipe IS arranged tor the {H'riodic* u moval of sediment ri|*e connection.s are 
conveniently placed beside the furnat e so that the joints (an be made in a 
few minutes after the movable port frame is placed m j>osition. 

lietween the remo\able port frame and tin* furna* e wall are j)la( ed hollow 
castings about 6 inclus to S iiu lies wide, through whirli water ( irc ulates. ' 1 ‘hey 
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• ln/4't 


Front View of Pori ff.irrip 


Fl(». 158 — (’arnc) and McKntcc’s Walt r-co'-lrd Frame wilii Fiist Knox I’atcrit IVat in 

position. 


extend across the face of the wall where the rutting action r)r the gases, issuing 
through the ports, is most severe upon the hriekwork. big. 158 j shows the 
removable port frame in position, and big. shows the end w’all of the 
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furnace with the arrangement of hollow castings. The remaining space betwee 
the frame and the furnace is Imilt up with loose bricks, fireclay and sand. 

The Knox Pressed Steel Port-T'hc Knox port, as shown m l ig- 159. 




z±--. 






it.:-- 


h. 


t 


1 -''" 1 fJoj /'orc'' 

- !■;:¥!! 


' hatnr Inlet 




'Atladvrirnr 
for handUti^ 
port by 

charyxn^ machtng 


i5»j — riic Kudk Steel \V,iSr*ct)ol<;il IVut. 


) 

an iinprovempnt on the original port, and is afranged so tliat no end wall cooling 





Fin. 160 -Knox Wirter-cooled Gas Port and Bullhead, 




COOLING DEVICES FOR OPEX-HFARTIi FURNACES 




port, however, differs in form from the original port, as the whole gas port. 
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and not only the arch is surrounded by the frame. The hollow tank is made 
of rolled steel plates about | inch thick, welded at the joints. Being made 
of thin plates, it is a rapid cooling medium. In Fig. 159 the arrangement of the 
inlet pipgs is shown. In these pipes perforations are made, so that water may 
issue u[)on the parts most exposed to the flame. When the movable port frame 
is put in ^position, as showm in Fig. 160, the joint between it and the furnace 
wall is made good by ramming it w'ith sand. When in the U.S.A. in 1913, 
we had the oi>portiinity of witnessing both the above ports at work on 
furnaces of cajjacities ranging from 6a. to 100 tons, and were informed by 
those who had used the Knox iK)rts for some time that the following saving 
was effected : — 

Saving in Repairs. — In one installation of furnaces in Pennsylvania where 
water-cooled ports of the Knox type have been introduced, it was found that the 
ports rcMiuired no attention until the general repairs to the furnace were under- 
taken. Prior to the introduction of the water-cooled ports, the solid bricked 
])orts had to be repaired ’after every 35 to 40 heats. 'I'he saving effected in 
repairs to the furnace has been from 30 to yj per cent, and the tonnage has 
increased from 18,000 to 22,000 tons per month. As the result of being able to 
work the furnace for longer periods without shutting down for repairs, not only 
are the costs of repairs reduced, but also those of fuel and labour, and con- 
sequently the total cost per ton of steel. 

The Blair Port. — 'I'he Blair port consists of a water-cooled boiler plate hood 
of simple construction, which takes the place of the ordinary gas port arch and 
lests on each side of a magnesite bank forming the sides of the gas port. 'I’he 
underside of the water-cooled hood is exposed to the flame, but the joints of the 
plate are made on the top face which is covered with ground magnesite to a 
depth of about 5 inches and protects the seams from any contact with the flame. 
The covering of magnesite has proved to be far more efficient m resisting the 
cutting action of the flame than silicious brickwork, owing to the magnesite 
being a better conductor of heat. 

Bulkhead cooling is also carried out in a similar manner to that adopted for 
cooling the arch, A box or tank is fitted into the brickwork, through which 
the return of water from the cooled arch of the gas port circulates. Fig. 161 

shows sectional elevation 
and plan of a furnace end 
with water-cooled gas port 
arch and bulkhead. 

Fig. 162 shows details 
of the gas port arch with 
a 3-inch water supply pipe 
passing down the inside of 
the port, at the end of 
which a cross 'Fee pipe is 
fitted. This pipe is per- 
forated with small holes 
through which streams of 
water flow at a pressure 
of 9 lbs. per square inch. 
Another pipe, -J inch in 
diameter (shown in Fig. 162), is used in the cooling arch for scouring out 
deposits of sludge which tend to gather at the extreme end of the hood. A high 
pressure of water is used for this purpose. 

The Blair cooling devices have been fitted to several furnaces in the United 
States and Canada, with most satisfactory results. They are also being fitted to * 
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Side view 

Fu'.. 162. — Details of Blair Coolinj; Hootl for Gas Port. 
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furnaceb Im this country. The' lUair jK^ris fM^t introduced at tlu' La( ka- 
wanna Steel ( o. in 1007, hein;^ tilte'd te> two 60 ton li\eil ojK n-lu arlli luinace*', 
Nos. 7 and 8. In 1907. joo heals from the jKnt and roof, and 40; iieals hoin the 
regenerators of one furnat'e ware obtained luloro rcjvaiisucre lUiess.u). Hehuc 
the blair jxjrls >\ere luted, liie number of heats ob'laiiud were as lollo^^s; i 
M3' 3nd I 70, or an a\erage of 153. These rt suits w ( ic obtaifu d from No. 7 
furnace 1 rom No S funwiet*, 592 luals weir oiitaimd lu lore sliuttihg cb^wii 
for rejiait'', 3 7,7 7 j tuns ol mgols being |>iotluc(d during the c.onjciign. 'I'lie 
suiKTintenduit ol the oix n luaith plant .slatcil ib.at dunng that \h nod tin re was 
an average fu< 1 ('onsuiiij ix'n ol 4.1S n.v j.tr ton nganot fuu> lbs. jx r ton ol 
ingots pre\u)usl\ '1 hr total i ost (d Kj'aiis during th«' «ani|aii',n ol 8^^, monllis 
was y. 1 279, or appruximalrly S./ p. r ton ol sle* 1 product d. 


liuh ri/v (/tL* C-.ij iifu' ^lU Cut' 
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Sectional Plan 


] I . 163 — 11 )«. I ocUrjch Iiftaclnl If I’- at 


The Friedrich Detachable Port.— Fig. 163 shows vi. ws of the Fri^-dnrh 
detachable {Kart which is used with the same ohjefl as those alo ady drs( ribed. 
It will be obser\ ed from the ilfuslrntions that ftre d( ta< liable port fits la tween 
the end wall of the furnace and the uj)take Hues from the rtginriator, '['he 
ports are so arranged that they can he removed without dislurhing the sur- 
rounding brickwork of the furnace, thus prolonging the lifr of tbr Hues and 
making the furnai e more efliment. The j>ort (an he lifnd out of position 
by means of an overluad crane, or il may he drawn out on a truck from 
the side. At the JulienhuUe works in (iermany, the pcjrts liave bet ri in 
successful o])eration for some time, and have effected a considerable saving 
in repairs, and increased the output of the |o-ton furnace to which they arc 
fitted. 

Cost of Installing and Saving effected,— The weight of a detacliable port 
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for a 40*lon open-hearth furnace is about 9 tons, and the following are the 
details of cost ; 




s. 




Lirebrulc 

28 

10 




Bricklayers’ wages . . 

Cost of fitting .... 
Mechanics’ wages 

4 

4 

I 

0 

10 

10 

oi 

0 

0 

'I'his is the 
' each time a 
is re[)laced. 

cost 

[lort 

'I'otal . . . ^ 

/'iS 

10 

0 




£ 


-/. \ 



Two cast-steel [dates .... 

i )0 

0 

0 



Bracings for the air line vault, 






including materials and labour 
Stays, includm^^ materials and 
labour 

3 

• 5 

10 

0 

0 

0 1 

'Lhese costs are only 
incurred once. 


Total . . . /'6‘S 10. oj 


TABLE LX XX 

Li)M1’AR\I IVK I'RICHS OF Soil!) AND 1)L1A<11AHIK POR 1 s, KrIEDRIcH TyRE 
'I'lic follow iri^ ul.ilc to a 20-lt)n furnace I efore aiul after umii^ the IViediich port. 




Willi fixed ports 



\\ all 1 

iiedricli 

let icli«tdc polls 



Wr.Kl.t 

Puce per 


\Stmlit 

rrici per 




111 tuns 


toil. 














I 

i 

ii 

c 

, ' 

./ 


i 

, 

,/ 

L 

X 

J 

Silica .... . . 

r s 

1 

iS 

8 

2^8 

>7 

0 

92 2 

1 

18 

8 

.78 

5 

u 

Silic.a inort.ir . 

irS 

I 

10 

7 

iS 

0 

0 

8-8 

I 

10 

7 

13 

10 

0 

Magnesite .... 

3 -of 

6 

12 

4 

20 

3 

0 

— 


~ 




Ma^iirsitc moit.ir .... 

0 3 

4 

17 

9 

I 

9 

0 

— 


— 





Hnckwotk 

I32'0 

I 

0 

4 

135 

0 

0 

98-2 

I 

0 

4 

100 

0 

0 

Tics 

4-6 

15 

6 

0 

70 

4 

0 

2 3 

>5 

6 

0 

35 

1 1 

0 

Rolled iron 

ipo 

7 

»3 

0 

99 

0 

0 

9-6 

7 

13 

0 

73 

10 

0 

Cooling boxes*, Irt.sllo, etc. . 

*5-3 

8 

3 

0 

125 

4 

0 



— 



— 


Cast-steel pl.itcs .... 


— 



— 


2’8 

13 

6 

0 

43 

10 

0 

Angle stays, stay bars, etc. . 



•— 



__ 


3-1 

8 

3 

0 

25 

12 

0 

Box girder (wrought non) 



— 



_ 


2 s 

10 

3 

8 

25 

0 

0 

Old rails 

i — 


— 



— 

1 

0 5 

5 

1 

10 

1 2 

10 

0 

Vault daps 






-- 


O’ 98 

1 2 

It 

6 

12 

10 

0 

Wlu'cL, axles, beat mgs, etc. 








I ’2 

i " 

() 

0 

18 

15 

0 

Erecting . . ... 

33 - 0 * 

1 

0 

*5 

3 

' 25 

'3 

0 

23-0 

0 

15 

3 

1 17 

13 

0 

Total .... 

i _ j 


- 


733 

1 

0 

0 

i 

1 __ 

1 

! 

- 



6 

0 


Dift'erencc in cost, 14 o 


The Head Detachable Port.—Fig. 164 shows a simple arrangement of 
movable port devised by Mr. B. W.TIead. The structure rests upon a frame 

* “ Iron and Coal Trades Review,” \ol. 82, p. S80. 
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supf>ortcd u[Kin a truck, a scilm^ fiaim* bcin^ raided to clear it fioni tlie water- 
seal round liie joiiu ol the uptake flue when it is <.iesire<.l to rtinovc the port 
from the furnace. 




Other Designs of Cooled Ports. In hij;, lOtj is shown a w.it<:r cooled ens 
port consisting of a numher of horizontal, parallel water cooled pi[>es, which 
take the place of the siIk a brick ar< h over the gas {xirt. Upf)n the pipes is laid 
an arch of magnesite or other refractory material l-^ach is controlled by 
an inde{X:ndent valve. 1’he design is the joint invention of Davison and 
Mathies/ and it has been used succcssfully.in several steel work.s in America. 

* “ hull vol. 75, p. 143O. 
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'Another very similar type of ix)rt (see Fig. i66) installed at the Minncqua 
vorks of the ( olorado Fuel and Iron Co., by F. E. Parks and II. A. Devel/ 
;onsists of a series of 2 J -inch pipes brought in over the bottom arch of the gas 
)ort. These pipes end in a bronze block which forms a solid arch at the inside 



Frc. 165.— Davison and Matliics Water-cooled Gas Port. 


»f the port. At each side is a skew-back bronze casting which supports ibis 
rch should the brick arches burn out or fall ; they also prevent the ports from 
lUrning out on the sides. The supply watei is brought in by a i-inch pij^e 



llirou( 5 h i'.is At 01 f ports 



166. — Parks and Dcvel Water-cooled Arch. 


vhich runs within a few’ inches of the end of the bronze block. Several 
urnaces have been equipjxid with this device. The average cost of installation 
s about p{,ioo, which includes all labour and material. 

Water-cooled Doors and Frames.— It is many years since water cooled 
loors were first fitted on open-hearth -furnaces, although some furnaces of 30 or 

* “ Iron Aijr,” vol. 82, p. io6j. 
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40 tons capacity ain be found with the old-fashioned heavy cast iron doors 
lihed with brickwork Most of the funi-iccs which are tilted widi water-cooled 
doors use the cast iron waler-jackcled type, which arc very cumlicrsome and 
heavy and arc also luMe to crack 
readily. Within the just two years 
pressed steel doors and frames have 
been introduced, through which 
water is caused to circulate for 
cooling the do<jrs and jambs ol 
the furnace. From the results 
obtained they apjx-ar to he giving 
enure satisfaction Whilst visiting 
steelworks m the Fittsliurg and 
Cleveland districts, we observed 
the ease with whu h the inelter could 
examine the conditu)!! of the furnace 
througli tlu- j)ee[>hole o( the dt>or* 
without the sligliltst discomfort. 

On the door of a 75-ton furn.icr it 
was jvossihlc to j-lac e oik.’s hand lor 
an instant without iniury. 

Fig 167 shows the pressed steel door made of mat<‘rial about [ iiy h thick. 
It diflers Irom tlie i ast non door in the thickness of the material, and in h.iving 
a rcnew.ible block in the jx'ephule through ih< door, wlm h takc.s the wear of the 
bar used by the furn.n emen. , 

In one large steelworks in Ihttslmrg where cast iron and pressed steel 
water Cooled dciors were used, w’c were informed by the steel siipi rintiMulent 
that one pressed steel door 
lasted as long as 4 tf) 5 east 
iron water cooieit doors. I he 
material of liie cast non 
doors is about i-inch thn k 
in scTtion, and the cooling 
action of tile water does not 
rajiidly penetrate the materia! 

Fig. j68 shows details of 
w'atcr-couled door frame. 

Fig. 167 shows tiic ar- 
rangement of the Knox patent 
pressed steel water cooled 
doors and frames on the front 
of a furnace fitted with three 
doors. rhe frames ar<- 
secured to uprights in a 
simjde manner and the doors 
are lifted hydrauln ally. 

Flexible pipe connections 
are made at the doors to 
allow for their movement. 

The circulation of the water 
througli the doors and frames 
proceeds from an overhead 
tank above the furnace, the water being forced down through an ejector in the 
bottom of the tank and passes through the doors and frames and back to the 
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beads of furnaces in rcfiair, owing to the rutting action of the flame as it pawei 
over the i>orts and strikes against die hack wall of the uptake, or wliai is 
known as the “bulkhead." At the (lary works, Illinois, where they liavo 
probably the largest oix'n-hearth {>Iant in the world, they have found that water* 
cooling has tieen useful in reducing the cost of rej^airs. They introduced pipes 
of rectangular section fitted between every 3 or 4 tiers of bricks in the 
end wall. A constant flow of water was {Kissed through them, cockling the 
surrounding brickwork. 

In Fig. 160 the arrangement for cooling the bulkhe.ads as devised by the 
Knox Pressed and Weld^ Steel Co,, ‘shows six U-sh.ajH'd chambers of rect- 
angular section containing jiipes with small [H.‘rforations, and .ir ranged to keep 
a constant spray of water on the sutfaces most ex{x>sed to the he.ii. 



CHAPTER XXIX 


VM.VF.S FOR OPEX-I/KARIH FURXACES 

I HE siilijcct of valves is an important one in the economual and efficient 
workinj; of an open hearth furnace. For regulating the sup[)ly of gas and air, 
inlet valves are lilted, which are usually of the ordinary mushroom tyjie, as shown 
in Fig. 1 71. ] he difficulties met with in working reversing valves have led to the 

develoj)nienl of several types of vahrs, designed w’ilh the object of minimising 
tile leakage of gas, and allowing reversals to be carried out expeditiously and 
with a minimum of manual laliour. 

Siemens’ Reversing Valve. — F’or many years after the introduction of the 
open-hearth furnace, the type of valve commonly used was the Siemens’ hulterfiy 
valve, which to this day is employed extensively m its imi)roved form. Fig. 
170 gives a [)ait sectional view of the arrangement. The casing is of cast iron 



Fio, 170. — Siemens’ Reversing Valve. 


or cast steel, the opening at the top being connected to the gas or air supply. 
The valve is supported on a spindle, by means of which it can be thrown 
over from one side to the other by a suitable arrangement of levers from the 
furnace stage. 

Fig. 171 shows the ordinary arrangement of gas and air reversing valves 
with inlet valves and operating gear. 

Kirkham’s Improved Valve. — With the object of reducing the leakage of 
gas, William Kirkham, of Sheffield, introduced a valve with a Hap or “ tongue,” 
in two portions, as shown in Fig. 172. A small movement of the upper 
portion, on the spindle, allows the valve to adjust itself to the casing. There 
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is less liability to warp with the Kirkham than with the solid valves. The 
longues or tlaj^s also can be readily renewed when worn. 




The Schild Valve,- This \alvc consists of a heavy cast iron plate in which 
ar(i tlxee holes corresponding with the openings of the gas and clnnincy flues, 
and on this plate slides a pan haying four openings through it. The two middle 
openings in the pan are covered by a hood forming a passage for the waste 
gases, and the two outer openings arc connected by a U-shaped pipe. Fig. 173 
shows a sectional elevation of the arrangement. On top of the U-shaped pipe 
is another })an with a hole in it, through which the gas passes into the pipe 
leading to the flue. Both pans are filled with water, the upper one forming 
a seal between the gas box and the pipe, and the lower one keeping the bottom 
plate cool. By means of a hydraulic cylinder and ram, the lower pan with its 
hood and pipe is moved acioss the openings in the bottom plate, thus reversing 
the direction of the gases. 'I'lie air'valvc is constructed in a similar manner, 
but is simpler, and has no stationary box. 
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gas flues leading to the regenerators, and the third with the flue leading to the 





stack. A pan >Yith three openings corresponding to those in the bedplate rests 
upon the latter, two of the openings being covered by a connecting hood, and 
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ti»e third h) a ['q^r forniint; iho ^*as ''Uppl) tluc To the cin umh leiu c of the 
pan IS Secured a toc^tlud ntu. by whuh \hc |sin (.in he ri't.itid 

The Fischer Valve- I his (onsists ol .m inrtr (\lnui(r \\iih a di.ii^c^ual 
[vartilion, >^orkin^ insidcl a \ai\c (asin^ ol iIk otdinaiy ^icnu n-. ivj*!*. '1 he 

jiartition in the cvhruiriia! Nal\t isdatts the |sisva^i connecting the ^as flue 
Hith the furnace tioin tiu jass.)!;*' i oniu ( tin^ the luinace \Mth the stack, and hy 
half a turn ol the, \al\e, the diai^onal partition re\(rsts the dinttio;! ol the 
flow of tile ^asc s J he joint lutuein the \alve and the' easing; at the top is 
inainiairud hy nuans ol a I alaru e un^ht. I he- loint a» tiie Icotlcun, helwc'en 
the \al\( and the cumo^, li made hy m seal of sand or .isiuMos I c akaj^e t'l 
gas at tile ( irc mnh rc-nc'e of the \al\e is pii\enl(d h> scaling sliij’s and 
segments s\hi(h are adnistc d h) means (if eounterHcights i he weight of the 
\al\e IS taken h) a hall hi ar mg, and the* \al\( (.an he ic \( rs< d hy hand. I'lg. 
174 shc'tws the arrange m< ni. 

The Dyhlie Valve illations and pl.m etf fln> \ ihc (made hy 

tlu‘ Morgan ( cuMruc tion < o ). arc shown in hm As will he s. < n fiom 

the illusti.iticti), the liirn.ie e , stac k, .ind gas oi .111 flue * tc imin.iti m .i ircuipof 

lejur ope n mgs I or ruing cjuadr.mts of .1 i ne !i < »\( r th< si jiu. oj>i mn, . is j>l u e d 
a hcclleew (Nhiicirical \a!\(, h.n mg idianietiic.il pirlilion m uh , clipping mlo a 
waler-si .»!( cl ( asting on the hiukwork fluc-. IIk oxis.ilol llic \ii\c is m ide 
liy raising it '•uftii k iil!\ (li\ im .ms of th< lodi.iulic illy opci.iticl lc\cr j;eai 
shown! to peiniit the c e ntie putition to e h.o tlx edges..! flu w.ilcrscal. ihe 
depth of tile < e ntie p.olition heing made less fh.m tlx e 10 umh o m e of (ho 

valve, the' w^ite r se il Is nol broken when fix \.ll\e- is rc \e rse ei 1 he- valve 

Itself is surrouneic.d hv an euile r < ) lindrie .d box opc n .it (he top, (1 lie < I w ith wafer 
and forming a wate i 1 le ke t. * 

The Blair Revereinff MechaniBm. 'I his !c\ le e- ( onsists of sw mgmg se e nons 
of flues whiehean he made lu eonneilthe g is and air supi'Iv to iilhir tndof 



Fro, 176 — Tflair RcTcrsing Mrrpanie^m, showing tiibrt In position, anc) Ojirraiing 

the fumare, and the; waste gases to the stark, witiioiit the introdurtion of valves. 
Fig 177 shows a plan of gas and .nr flue s, ,ind Fig. 176 the arrangerment of the 
Blair swinging flue scc'tions. 'Fhe sections are ronstriieled of steel jilales lim.d 
with fire'orick, and their ends dip into watf.r sr.ils io reverse the furnace, the 
gas-regulating valve is closed l)y means of a hydraulic cylinder, which at the 
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end of its stroke releases the valve actuating a second cylinder, and lifts the 
ends of the three flue sections out of their water-seals. At the end of the 
stroke of this cylinder, the valve operating a third cylinder is actuated, which 
causes the three tubes to swing round. The second cylinder is then operated. 



Fio, 177- Pl.in of Blair Reversing Mechanism. • 

Tube A connects either end of fuin.ice to stack alternately, Ic.uini; the unconnected flue optn for 
admission of air to furnace, lubes B and C connect alternately, the gas valves with furnace 
and fill mice with stack. 

and the tubes arc lowered into their reversed positions in the water-sealed cups 
at the tops of the flues. 'I'hc other gas-rcgulating valve is now o{)ened, and 
the working of the furnace proceeds. The gas and air icgulating valves are 
automatically adjusted to the positions they occupied during the previous period 
of operation. 



CHAPTER XXX 


-V/AV- AS 

Prior to iSSw, when Caj^tain Jones, in AiiH‘ri<.i, and Mr. C$. 1 1 ilt^c'nstiX'k, in 
(iennany, ''Mnult.incously inlroduroil (lie iinv( r into <>1 ks jr.utiCi', li(|md 

niclal for li( s>enur coint rt»HS nas citluT taken (iinxl fiorn tlie M.ist fiimaec, or 
from { upolas where the iron was re iiu !ted lire ^i^ul.iiily in tlw <jnahly atul rate 

of output often r^sulteel from the use of nu tal tak<*n dirtT t Ireuii tlu* blast 
furnaces, as variations in tlic coui^i»>siiu)n of the ireui t\er(' not iiiu oinnioii, and 
dela)sw\re sonicliinc.s o< casioned m the supply of the hot metal to tin* con- 
verters. Renultin^ in the,* cif]><)hi reine'dn el to some extent hofli these elefce U, 
but the co.st ot leiiKlting and the* iinpaitaturn e)l more sulphur to the metal 
dunnj.^ the.' proe'ess, mcrense'el the- e ost eif juodiirtiem witheuit improvmf( the 
ejuahty of the m.Ue nal, which, how< \< r, was im>re le^ular in e oiniKisitiem. 

'I'he fust mixer uscel on the* ('online nt w.is of 70 tuns e.ipacity, and 

erected at WoereJe in 1889.* In the sanm year a mixer ot 80 tons c.ipacily 
was instalh'ei in h!m;land at the barreew Stcelweerks Mixers we-re* useal in 

liessemer steel maiuif.u turc only fmtil al)e>ut tlie year 1900, when t!ie use- of 
fluid lU'-lal for ordinary e)pen-hearth e h.uit'-s was de:velope'd. With oj't n hcarlli 
furnace jilnnts, the' mix< r is bccominj^ iiuTe asmely use-ful, both for ae id and 
basic fixee) furnace* pra<ti< e as well as lor the varmus continuous prex esses con- 
ducted in fixed and liltin;.; eepe. n-he ailh lurnace s. 

Tlie mixer w.is tirst .ijiphe'd in ste e'lworks as .1 e'olle ctor of the various 

charges from the Ijlast furna<cs, umf)ing ih'* rompositie>n of tlc' metal and 

serving out the furn.'tcej e barges as required. Siip e tlu'O it has eh've leq«,d into 
a huge furnace, C(iuipp0(i weth re getu r.itors and fue 1 sujqily app.ir.iius, performing 
the functions of colleetor, jAirifieT, .irid ehslr^)Utr>r. It is fast Incoming an 
important installation in .all moele rn steelworks 

Design of Mixers.— 'I he re ar< se \cral de'signs of mix(;rs, and .e fe‘w of them 
are illustrated^ in Pigs. 178 te) 183 wliieh fe)lle)w. (,)n<' of the simplest forms 
of mixer is that illustrated in I''g. 178. It (onsisls of a cylindrie.d i.ising with 
eccentric eonical noe nsunhling a Hessi im r convciler, with inlet :pid outlet 
for tlie- metal. In the sectional views the lining is shown. '1 his lyjx' of vessel 
IS operated by hydraulic jxiwcr m tlie same way as the mixer shown in lug. 
179. It IS not, however, liealc.d by ga.s or other means, but acts mew.*ly as a 
collector and distributor of ri^tal. • 

Converter Type of Mixers.— In Fig. 179 arc sbi.>wn a sectional (Icvalion 
and cross-section of a mixer iistd as a < ollector of metal, in whirl* the iron 
is kept hot by means of oil fuel and air und< r j)ressur(.* 'Fh'* form of the 
vessel IS similar to that illustrated by Fig. 178, baving a ()hndn<a! body with 
conical nose. It has an inlet near the bottom on the toj> side, and an outlet 
at the nose. Both 0|>enings are covered with lunged doors, operated electri- 
cally by motors, arranged as shown in the illustration. Beyond the metal inlet 

‘ “ [ourn.xl Iron an<l .'>lcc! Involute,” y, j>. 7^0. 

• Ily ihc kind i>crn'miun of the makers, Mcmu. The licrlln-Anhaltische Maschlncnhau* 
Acticn-Gc''e€llvcha/t, Kohn-Ba)cnihal. 
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there is an outlet on the top of the mixer for gases which arise from the metal. 
Ihese are (arried away through a flue which is connected between the outlet 
on the mixer and the trunnion joint fixed to the pedestal in line with the centre 



of the rocker, upon which the mixer tilts. There is also an oil or gas fuel 
inlet near the nose of the mixer. The tilting of the mixer is performed by a 
hydraulic cylinder with ram attached to a connecting link which engages whh 
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a bracket bolted to the end of the mixer. 'I'his is shown chMrly in Fij» 179. 
'Die movement of the mixer is ImntcHi h> n hr.Kltl fixed on the eonerete foun- 
dation near ilio bottom of the \e^*sil. 'liic mixtr is Iiiud with refractory 



( )ne arranj^<.merit of o\erh<'ad crane for(arr)in^ tlx- ladh oi iik l.il to the 
mixer is also shown. 'I iu* ( <jnt(nts from the* mi\( r ar** tij)jKtl into a l.idle 
susik'ndLd from a (ran*- similar to lh<* one shown but 011 the ollx 1 side, or into 
a ladh* nnjiinted on a l(jeo liuik, a((orilin^ to th<- arrangement of the work.s. 

Open-hearth Type of Mixers.- Anoilx r d-M^n of muir used for birKe 
quantities of im tal is tliat shown in i.So, wiiu h illiistiales a 700 toy mixer 
mounted ujxhi four roller fyimes bolted foundations, the mi\(r hem^ 
controlled hy two h)draulie ('vlindirs .ainl rams .it < .n h end. d lirr<' is a port 
hole at ea( h end of the mixer wIikJi comics ts witli the flue s from the re;^( ncralHrs, 
tlirough which heat is supplied to llie mixer, d he reg' m lators am! flues are 
not shown in the big. ddie metal from the I)!ast furn.ue is jxjuod into the 
mixer at one side and emptied at the other. 1 he |jo(ly of the mixi r is made cjf 
rolled |)lates rivctted togellier, and lias fc^ur subslanti.d rcjll< r-patli castings 
bolted in segments right round the body of the m-xc r. d'he inside is lined with 
refractory material. 

D6tail8 of Rollor Path The details f>f consunclion of roller patlis and hcivv 
the castings of which they are formed are fixed to the body of the mixer, arc 
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illustrated in Fig. i8r. The arrangement for rotating the mixer is different 
from that previously described. In this design a toothed segment is bolted to 
the underside of the mixer, and a pinion which engages with it derives its 



motion through suitable gearing from an electric motor. The end plates of the 
mixer are bolted to the body in a very substantial manner, as shown by the 


illustration. . . , • r 

Mixer with Regenerators.— Fig. 182 represents a sectional elevation of a 







mixer mounted bctt%ccn tbe ^ and air |H>rls of two hois of ii i.uors, I hc 
mixer is arranged hke an ordinary tilling o|>cn hearth furna( e, dtthting only in 
the construction and in the si/e of the routing part, or mi\( r {Moper. i'hc 
reversal of gases is made jH;n(KiicaIly as in ihe ordinary r^geneiaiue hnnares. 
The metal in received into and is poured lioin llie mixer on iht' s.nne side hut at 
different ends. big. 1S3 showN a plioig ol the ini\<.r and si.iging complete. 



I I . iSi. I )cl Ills of K< >llcr 1’ till . of M (Xt-f. 


Capacity of Mixers. Mixus are niadcwah < apa< Uies varying from ) tuns 
to over 10^ 0 tons. Some dilhrcnce of ojiinio^ exists as to llir most suilahle 
si^c of mixers for use in steelworks ]>ra<Ju<-. W lu n rmxrrs are used as reliners 
of metal as w’ell as collectors and distributors, the wrar on llm linings is st v( re. 
Dr. Petersen, in reviewing the jiresenl i>osili<>n (>f ilic liasie Oj*( n iieailh j»r(><' SH, 
suggests that the si/e oi mixers usi.d as r« fimjs should not ex* ted 250 to \oo 
tons capacity, in view- of the great rtirrosion of the lining by the at lion of llie 
oxides and .slag, aswtll as the tliflit ulty attending the emptying ol su’li largi’ 
vessels. It is a fact, however, tliat small mixers of 200 tons rapai ily an; h< ing 
replaced by mixers of larger tapadtus. 'i’he liiintalioiiH t>f small mix' is^t.iard 
the progress in sl( elworks whej^e tlie deman<ls^ujx)n llie mixer or mix( rs are 
great. The deci.sion as to the best si/e must depend upon the j»arlitular 
conditions of steel manufacture in each works. 

The Mixer as a Refiner. Unheated Mixers - 'flu mixer is of gnat value 
to the Bessemer and opcn-hearlli j^roc'csses as a refiner. When used only as a 
collector and desulphuriser, large percentages of the various impurities fexrepting 
carbon) are removed, (hie remarkalile feature, brought out by I’rof, (). 
Siramerbach of Breslau, in a most instructive pairer given liy him on pig iron 
mixers, ‘ was liiat desuI[)hurisation was efiected ecjually w( 11 wi liealcd or 
unheated mixers. The following changes were recorded in the composition of 

' “Stalil uud Liscn,” March ^ili, 1911. 

Y 
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The notnl-lo rcilurtit)ii in suljOuir is th.il which look ]'>]nrc m the l.iillc Nslnle 
beio^' convt )cvi Iroin ihr blast lunucc M the imver, .iiul is C'jit.il to ;o : \ pti 
cenu of ihe loLil rtiluclion of miIj !»ur, wli.Ic 7 ;<) pr ii nt t<>ok pli<e in the 
niixtr, and tlu rcuunuK r in ilio basic toiu^ilu It Ha-> lound luun other ttsis 
that when llu iron contained a lower pi re (. nia.;- ol in infant si' 1^ ss siilpluir was 
rei'i^o^cd dump the itansli r ol the nn tal (loin ilu‘ blast Uunaoi' |(> tiu* niixri. 
'idle iiii\«.r had a cap.n 1!) d 75 • l«'ns, and il.t a\iia.;t aiui)s.s oi tin nulat 
over four das s was - 

hi, .p>; Mn, i -. (» T, u*)«'' o oS:; p. r 1 ent. 

Heated Mliers 'Ihe dt^uc (►! rdbu in« m o| n.ital in h- it. il nii\eis 1. 
un<kr dirrct control, insl as iniu h as tin- met d in tin Mptnluarlh Inimot 



1 I . - ''lixcr J - 1 M 

Mix ers are Ik at( d with j»ri;du( • r ga^. and air, oil ami air, or hi 1 t f'iin.ie« or 
coke oven ,L;ases, 'I'h*' tempi ratiire of the m- lal ran, lie n hm , !»' o ulan n to 
meet liie most faNouranle l onditions for I’m- ilimmalion ol tie mij/m ilies it is 
particularly desired to rt mo\<j 

d'he foliowirp results wire obtaim-d from a 2' o ton iiii>'r la aled with 
producer ^as and air, the air only beiip pndieated 'I le t« iiij'^ i itm* of the j 
iron on en term.; and leavitp the mixer was j *’ p ' ^ f’ VsiimIimI). 

'I'o the iron, winch contain 'd Si i t P' 1 *’ ^ ' ' ''* ’ '-'■i | to o' 17 

per cent., I* o'8o jk r emit, as it enteri i the nnxer wm* add'-d \ jM-rient. of 
ore and ij per cent of liiac. Itisreiord.d thilduriip a [c ri >d of five weiA' 
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the average removal of Si was 30*29 per cent., and of sulphur 50 54 per cent 
The ore contained 3 per cent, of Mn favouring, along with the high temperature 
of the mixer, the clesulphurisation of the iron. 

Silicon, however, <an be reduced much more than 30 per cent. Mr. P. S. J 
(.‘oojKT stales’ that at the North-I".astern Steel Works, Middlesbrough, where 
they have two 400-lon gasTired mixers in oj^eralion, the silicon was reduced 
froui per cent, to as low as 0*5 per cent., and frequently lower. 

Other instances of charges and compositions could be given showing the 
value of the mixer as a refining furnace. 

Operation of Mixers.- \\'hen a mixer is newly installed, the usual care 
bestowed in drying an open-hearth furnace is as necessary for the lining of the 
mixer, flues, and regenerators before filling the mixer with metal. Mixers with 
no heating attachments arc dried with coal and coke fires assisted by an 
auxiliary blast of air from a flexible pipe connection, or they may be dried by 
other suitable fuels, such as producer gas, oil jets, etc., if these can be carried 
conveniently to the lexer. Where two mixers serve a- steel plant, the metal 
friun the blast furnace is charged into one.fwhile metal is being drawn from the 
other for the steel furnaces. 'I'his alternate use of the mixers allows more time 
for chemical reactions than when the operations are conducted in one 
mixer only. 

Weighing the Metal taken to and from the Mixer.— 1 iifferent metliods arc 
employed for weighing the metal going into and taken from the mixerb 
Weighiiridges are usually placed in some convenient position, eitlier adjoinini' 
the entrance to or inside the mixer building, to weigh the metal as it comes from 
the blast furnace. 'The ladle, when weighed, is lifted from the truck by an 
oveihead crane and lained to the mixer, or the truck is ])Ushed m front of the 
inlet to the mixer and the ladle tipped while on the truck, and the contents 
poured in. 

For weighing the metal taken from the mixer an empty ladle on a truck is 
placed on a weighbridge under the mixer jilalform in a position to receive llu* 
metal. 'Fhe operator contiolhiig llu; movement of the mixer has m front ol 
him the weighbridge aim, which shows what weight of metal goes into the ladle, 
lie can, therefore, control the weighing and pouring at the same time. When 
weighed the ladle of metal c^n he drawn away by a locomotive to the furnace 
to be chatged, or lifted from the truck by an oeeiluad crane and lakui to the 
furnace or converter, if the iilant is arranged so that the ONcrlmad crane controls 
both mixeis and furnaces. 


“Journ.il hull and bleed Instilutc,” 1908, III, \\ 195. 
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'I'me crn!i,>nii( al ^wppK ..jns m Mitlk u-nt .lu.intitics i^ >,n(* of ilu* iiu^st 

important it< ins in th, \\,.ikinvt ojKn-lu.uth or «,ili(T hnnati* f(*r ''loci 

mniuifa* tiuc \\ iu ic ^a^ hu I I'v vis* li Inmates in i!'< pii. c of i(<il, a»!\anic's 
m s, ind ketner , oiiij < tition, , il! for tfn- use oi ( fi< ap j^nad, s uf i oal and 

drinand tlial tin nia\inuHU amount of a.ond ^’.as sliall 

olilainrd from tlu in. W lu n i oal is <!i<a{'<f, ( om- j ! : j| 

[>otition less kn« n, and |,r()(its morn i amI) awnr, d, ^ood A 

(jiiality < oal was dtcnud , sst ntial lor tlu: prodiu lion of 
gas, but of lati Ncais the i mplo\ nu nt of < lu ap( r <|ualitu s 
of coal has iu.< cS''itatA d modila ations in tlu* ts j c*' <»f pio- 
du< nis, man) niak<‘S of \^hu h are no\N m use, « a« h di sigiu il 
willi the ohjnrt of gi'iinrating good g.»s fioni i ommon > 

grades of coal as uonomually as po^-vihlc 'I'hough 
many of the j-rodiU'rs differ frofti one anotlu i tin fl 
mcthoils of working am in most casts tin same. 

Hiatorical 'ilu* fust mti rnalK fiud gas product r is 
sup]>osnd to have hi , n iiu , ntntl in iSp^ h) last hoi, an \ 

Austrian It uasnstd in tuniu ttion with a nu talliiigu .d 
furnace, tlu p.issagn tit an through the itu andes* < nt fiu 1 
bed being tihtained frt)m the chimiu \ tliaiight 1 lu gas 

generated ^v as drawn <itl tluougli tlu out 'u i to tlu* fuina< , 

led in through the opening at tlie top. Nt) sit am w.i, nst d with the an 
184 gives a St cl ion of the prothu t r. • 

In 1840, hhelmann iiiliotluiid a produi < r, . l ig iSt;, whuh had for its 
object tlu t!< tumiposiluui of the tan \ li)t!rot arhoio, l.\ tonsliaming tlu volatile 
gases to pass through Hit: htil of iiu aiuh st t nt f'u 1 h« fort 
leaving the prothu er 'The i-rtidiuir was i (,nslrut tetl with a 
charging lull thnaigh wlmii the liu I gia<lnally ti< st eiult tl to 
the* combust ion /ont' dins ft aturi is still retained in stuiu 
modern produttrs, and while* its oiiginal ohi' t l t annol ht 
said It) lie \ ery suet , ssful, the be il a< is as a sltuagf ( h tmln t 
for liealing th.eeoal before it eUseendi to the Ueel <jf iiu aii- 
de.seent fuel. 

With the introdvK lion of the gas-lirt d oj^t n In .irtli and 
criu iblo furnat es by hr William Siemens and liis broiler 
Frederick, il het amc nect ssary to provide suitahle nu ans for 
producing gas on a commercial scale for use in these fuinm < s 
They theref')re designed a jirodiietr' in 1861 to riu el tie ir ^ ^ 
recjuire^ments. Il consisted t)f a ^}ru k < haniLt r with an iniu r 
lining of fuehruks, containing an inclined gr.'o*, tlu* nj/per 
portion of which was corn|>ose<l of iron j^Tat' s Imctl with firt hru ks, whilst the 

' blt'iUfns, “Collcelol Woiks, ’ o.fl. i p 219 
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lower portion consisted of flat steps arranged horizontally. At the foot of the 
grate was a covered water trough supplied from a cistern. I he fuel was 
mtroduced at tlic top tlirough holes at intervals, and the poking of the fuel bed 
accomplished by means of a bar inserted through holes. 

When working the |iroducer, gas was generated by a current of air passing 
through the grate and by steam given off from the water trough through holes 
at thc^ide To maintain a pressure within the gas flue, the producer was either 

placed at a lower level than the furnace, or the arrangement shown m big. i86 
' ^ , wac nnnntpfi I I 
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I’Ur. l86. -Siemens’ Original Protluccr. 


was adopted. The hori- 
zontal flue marked “ A ” 
being exposed to the 
atmosphere, caused a 
drop in temperature of 
the gas, resulting in an 
increase in its density, 
which, acting on the de- 
scending column, forced 
the gas forward to the 
furnace and maintained 
an internal i)ressure in 
the flues. 

Since Siemens intro- 
duced their producer, 
many , improvements 

have taken place and 
many patents have been 
granted in conneclioii with these im[)rovemcnts. The main idea, ho^^ever, has 
been the same Ihrougbout, namely, the production of a combustible gas from a 
bed of incandescent fuel by the passage of air, or air and steam through the 

d he essential features of economical and efficient working may be summed 
up as follows : -- 

(1) A bed of iiK'andescent fuel of sufiicient depth to ensure an almost com- 
plete reduction of CO, to CO, and at the same lime the decomposition of the 

steam. < 

(2) Fa( ihties for ready removal of ashes and clinker. 

(3) Uniform and continuous production of good quality gas. 

(4) Even distribution of fuel. 

(0 Simplicity of design, involving minimum labour and repairs. 

Solid Bottom and Firebar Bottom Producers. -These iiroducers are not 
often used because of the difficulty in clearing the ashes while the producers 

are at work. , . , , 1 % • 

iVfew of the producers retain the solid bottom and firebar bottom, and it is 

worthy of note tlpit .v rcccnll,v developed producer, n.imcly the S.l'.H, tyiie 
described on p.rge 3 )6, is m.ide with .1 solid bottom. From the description ol 
Ibis producer, however, it will be seen that its method of working is somewhat 
different from that of the iisu.al types of producers, lienee the somewhat re- 

maikablc design. r i 

Water-Bottom Producers.— Most modern producers are of Ibis type, ditler- 
inc somewhat in their details of the water-filled ash pans and the method adopted 
for the removal of the ashes. In some cases fhe ashes are raked out and loaded 
into trucks cr carts, in others mechanically discharged. , ^ , • • 

The method of introducing thd steam and air into the fuel bed varies m 
different designs, depending upon the arrangement of the grate or tuyere. In 
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some f roducers, the air and M< am pass throucl» a Xus etc at Xhc bottom and in 
the Centre of tlu* proiiuv cr, the tu\ere Iktimi; co\errd wiil\ a rap to prevent tlu* 
fuel and aslies from < hokm^ ilie In other prodiu ers, grates of varums 

designs are filled, w!rch may he either fuevi or h.ne a rtitaiy moNement with 
the ohiect ol [jreakm^ u[i the fin 1 and clinktr, the air aiul •'icain passing through 
holes m tlu* grate to the luel lied 

Distribution of Fuel. In many jiOHlmers tlie fin I is fed Ihrongh a Jeeding 
hopjx^r at itileivals, {Hiked down, ami levtiled ill as well as posMhle. Tins 
method ol (ecding real is now Ixin;; tn ()gnn(‘(i as unsatis)a< tor) , Ixtause large 
quanlitn s oi cold eoal intrmluotl iiile rtmiti nllv do not lend to piodin <■ gas of 
unitorm (pialiiy, llnvehrllaiul hopjnr haoel U vl pKnlinersait tin i( t ri' ru>w 
giving wa) to nu rlianie.ajly t(xl povlmers in whieh the <'<>al is continuously di.s* 
Iributed o\<i i!u Im i Ixd, thus mamlammg an umitirm range ol ti mjKrature 
and jirodiu mg an imilnmi 
qiiahtv of gas. 

The Bildt Mechanical 
Feed I in- tusi t\p. <1 
met hani< al !< - d was intro- 
duced in Ann tn i, and is 
knowm as the Hildt n eel. 

It ( onsists ol a I oal hoppt r, 
just below the outlet of 
whi( h IS arranged a elis( 
rotated by means ol -( ir 
ing. 'The (hs(' c ui be 
raised or lowi o <1 le suit 
tlic si/e ot the ( oal no tl, 
which is disli ihuti <1 evenly 
over the iind 1" d h\ o ison 
of the shape ol tin disc: 
and Its sjH id of rtitalion. 

Coal Handling'Plant. 

- “The inlrothu inui ot nie- 
chanieally h d prodihiis 
has consequeiitlv Koi to 
improvements m < oal 
handling m the produt < r 
house, t )i igmally llu ( eal 
was shot on to tlie staging 
in heaps and tin n shovelii ,* 
by hand into t! >' In r-, 
as retpiired l ’tal I'.mdlm;; 
plants on an cKilx^rale 
scale are now fiilt d lor . 
working in (,onjun<lion ' 

with produt cFs of the ' . v . . . i 

mechanit all) fctl l) pe. 1 he . . . A J 

arrangements dej'tnd tti Ki,,. i87.-roa] ai,U Avh ria.u rM.;i^ .nh). 

some extent iijion sur- 
rounding conditicjns, hut the general idea is th** same, r c. tlie provisitm c>f ,i 
coal storage above the jiroduc ers, ‘from which tlu fuel <an l^e fc. 1 l ml') the hojipeis 
of the producers to ensure a constant supply. * 

Fig. 187 shows a typical arrangement ot ( t^al-handlmg jdant installed at the 
Lackawanna Steel Co’s works, Buffalo, U.S..'\. Tie re lh«. coal is brought in 
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trucks lo the railway siding which runs alongside the gas producer house, then 
dumped into an elevator pit and carried up to two coal bins, each of 280 tons 
capacity, situated above tiie top of the house. From these bins the coal is cob 
Icctfd in a bin of 5 tons cajiacity fixed to an overhead travelling crane, and this 
su])prus the hoppers of the sixteen lo-feet-diamcter Morgan producers below. 

Mechanical Poking*.— As an alternative to mechanical feeding, some pro- 
ducers ii re fittidwith mi'chanical poking arrangements, whereby the coal, fed 
by a bell and hop{)er, is distributed evenly by means of a poker worked con- 
tinuously, and Nsliich also has the advantage of thoroughly stirring up the fuel. 
Hand poking is thereby avoided, and ^hc cost of labour in working the pro- 
ducers diminished. 

Bye-Product Recovery. -Many investigations havt^hcen made of recent 
yi'nrs concerning the' recovery of bye-products from gas-producing plants. In 
districts when' produci'r gas is made on a large scale for sale to factories, and 
in large generating statujns, it has been found economical to instal plant for the 
recovery ol ammonia and tar, but in ste elworks where gas ])foducers arc used 
in conjunction with the* open-hearth jilant, somewhat different circumstances 
pre'vail, and a difference of ojiinion exists a .4 to the advisability or otherwise of 
recovering llu so bye-products from the gas before it is su{)})lied to the ojien- 
hearlh furnaces. 

For valuable infoimation on the recovery of ammonia from gas producers, 
refeience should be made to papeis R'ad by .Mr. Humphrey' and Messrs. Hone 
and Wheeler,- d'he Mond piodm er, introduced by Dr laidwig Mond, F.R.S., 
has been e^pe<ially developed tor ammonia recovery, 'hhe cssenlual condition 
for ammonia recovery lies in the injection of a large quantity of superheated 
steam with the air into the producer. 'I'hd latter, therefore, works at a low'er 
temperature than in ordinary non-recovery producers, with the result that the 
ammonia piodiiccd is not dei omposed, but jiasses out with the gas and a large 
pro[)ortion of undei'omposed steam into tlie recovery a[)paratus, where the 
steam is condensed, the ammonia absoibed, and the gas cooled and ])assed on 
lo the furnace'. 

'I'he ammonia, whuh is absoibed by sulphuric acid, forms ammoniaeal 
li(|Uor, a solution of ammonium sulphate, d’his is then evaporated until the 
sulphate ci) stalhses out, and after drying, is ready tor sale. .Sulphate of ammonia 
IS being ineicas'.ngly used as a fkrtihser. 

While the siiljihate realises from ^10 lo /i’14 ’per ton, there is also the 
charge for depreciation and interest on the plant. Labour, re[)airs, cost of 
sul[)hurie acid, coal for distillation, etc., aie other factors, dhe economy or 
otherwise of ammonia recovery depends pnmaiily upon the amount of coal 
gasifual , 'The suitability or otherwise of the gas produced for use in open- 
hearth furnaces also requires consuleration. In a Mond plant worked with 
ammonia re< oveiy, the gas contains about 1 1 per cent, of Ct ), while the hydrogen 
and c.'vbon dioxide jiresent appioximate 27-5 and i()-5 per cent, respectively. 

Some steel-makers are of opinion that gas fi^r o[H‘n-hearth furnaces should 
be iich in caibon monoxide and taiiy vapours, as these give a luminosity to 
the flame, and, being slower of combustion, develop a more uniform heat in 
the furnace. According to Mr. Sehmer,^ open-hearth steelworks in Germany 
“would not accept a jiroducer geneiatmg normally more than 10 percent, of 
hydrogen, and as a maximum 14 per cent.," which bears out the opinion that 
pioducer gas high in hydrogen and consequently low in carbon monoxide is 
unsuitable for open-hearth practice. 

* “ ri(Koc(hng^ Institution of Knginccrs,” vol. cx\iv, |i|). 190 217. 

* “ |t>inn.il Iron and Steel Institute,” 1907, 1 , pi>. 126-180. 

^ /du., p. 175. 



'CAS PRODlKEfiS 


3^9 


Fuel used in Gas Producers -The mjxiciiy of ^ produri r .imiI tho nn.iUsjs 
of thecas jTvKiuced dcjH.ovl tn a i;o-al innm the (url umiI. aiul il is msulti 

cient to slatf that a prod\n cr has a capacitv ol so many tt>ns jht ilay or will f;ive 
a j^as ol a rcrtain analysis, wnhovit at th(“ same time ^ivin^ jurtu ii!ars of the 
fuel used. As mstaiucsof the dtjHndimv ol the tniliuil and anal ) ms oI gas 
on the fm I used, lahh lAWl ,^i\is the i»ul|mi ol gas tiom the saiiu- mak<“ ul 
gas prodm er \\!un used on ditteieiu grades ol lu« 1. anel*'lahle I \ \ \ 1 ^ ji p>o, 
is a runrd <4 the s\»)iking (»t tluiteen gas piodiu cis, all of ilu KeHH.ly ly|H', 
showing the \ar)ing analsscs ohtaiiu d 
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'1 he till r mosil) Used inproduieis woikidin <oniun<tioii w ith opui health 
furnaees is hgnit< (I'lown toa!), iuhiiinnoU'. or anthiai ite coals, or < oal dust 
l)ri<HKttes. ( 'oals w uh ( \ en laigc jm trenlagc s ol ash can he \\ oi kc d, as a nile, 
without much dillii ully in Nsat< i hoitom prodm ets, hut <ai( should In* taken 
that in these rases the- sulphur content is Io'.n It is the ]!< sc in • ol siilphut 
whirl), nil king and r omhining with ilu .mIi to toiiu c hnkei, c aiMt s most trouhh' 
in gas piodurc r wen king, and ilu rehy rc nders an <»tln mmsc c In ap ' oal rc la lively 
of less value- ’!i ■!) a h- Iter iiuaiit) c oal I'urtln r. a < < ilain auunini o| tin sulphur 
in rod IS carried over with tin- gas to the- liirnac e, whnh may h< k'-pt as low 
as i>ossible hy using low- sulphuious « oal 

Prohahly tin- h< -,1 fuc 1 for tin j.urp<»sc is good sc leenc-d c'oal < ru' In cl to ah'Uit 
lo |-un h c ul)» s Slai'k < oal, although Io-a? r m cost, is u 'laiiv Nsscccmo- 
miral in the c ml, as It ) u Ids a pooic j ijiiahl) o! gas, chokes tin piodm < i . ainl 
increase s the cost c^f labour. 


'i'\ I'i n Ol- Me i|)| [;\ I’KMltl < 1 I's 

In the billowing jMg* ^ descriptions and illustrations ar< given of onn- c»l 
the- host kiniw n type s (jI gas product is < mplci)c d in conjunc iioii Aiih op* ii In art h 
sled jilaiits, arranged alp!ialu.iirally in thre.c- groujis Ibilisli, \iin in^tii, .uiil 
Continental, 'I'lu pai licul.irs of outputs, etc ^givtn do not api>ly to tin n-^c c)| 
the same fuels ami the prc-va*lc nee o( similar working comhiions m < a< h r.ise, 
bill are the results ol actual working in dittc rcjit (ouiitrns ami umit r \ar\uig 
circumstances. No attempt is llnrcleire made to coriijiare tin iiiaiiy l)[)'scii 
producers de srnlu d, hut tyjac al c osls are given on jeage ^7, h,M< el on tin, mior- 
niation set fortii in tin- folbiwing desc njelions, wine )i .ire l.url) i' pre se nt.itive ol 
the results obtained from several cd the leading types of inoelc rn pr'iclm ers. 

Pkh i’mi Proi) 1« i Ks , 

The Dawson Producer, -'i’his produd-r, asectnm of which is givc-n in hig 
i88, is of llie water bottom tyix^', and consi of acylindnrai slidl lined with 
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firebricks, resting on columns in the water trough. 'I'hi'' water trough forms a 



Fi' . '*lhc TXiW'On rroilucrr. 


rrcc'i'lnclc for tin* < linkc'r i\s they dcsrciKl, .'tt ih** s;iiiii‘ linu* .irts 


as a waltr stwl lor prk-\cnlin^ 
tho cs<M|)f ^ol while ilut 

prodiu'cr is at work, ('oal is 
fed 111 I'N the and liopjHT 
arran^uiu’til at the top, and 
the air and steam ar<‘ injerted 
tlirou^h a ronlial tuyere pro- 
vided with a roiiK'al eai> for 
preventing tlu; fuel from chok- 
ing the blast pipe 'I'he gas is 
drawn olf at tlu* gas outlet at 
the toj) of the jirodiiccr, from 
whence it passes throtigli llie 
flue to llie iurnac e. 

The Duff Producer.- 'I’iie 
Duff producer, illustrated in 
Fig. 189, has been designed 
for burning low grade liilu- 
minotis coals, and is of the 
water-bottom l)pe, fitted with 
a large grate to ensure an even 
distribution of air and steam 
over the area of the fuel beti. 
Doors arc fitted in the sides to 
obtain access to the interior of 
the producer for repairs or 
inspection. Coal is fed m by 
the usual bell and hopper. 
The producer is made m five, 
sizes, having gasifying capacities 
of I, 2, 5, 10 and 15 cwts. of 
coal per hour respectively. 




Fii.. 1 89.— The Duff Producer. 
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The first four sizes are constructed with a circular shell ; the latter with an oval 
shell, in which air and steam are bloAvn under the grate from two sides. 



The Mond Producer. — The Momi producer, introduced by the hte Dr. 
Ludwig Islond, F.R.S , is constructed either for use with bye-product recovery 
or for non-recovery, riic two types of producers are shown partly in section in 


b>e- product n 



the accom|)an)inif Fig. 190. 
oC bye-protluLis (Fig 19D./), 
consists of an inner shell 
lined with firebrick, and an 
outer jacket fitted round the 
inner siiell leaMiig an an- 
nular s[U('e of 2 or 3 iiuhes, 
down whieli the blast is made 
to |>ass from the Uj'jrer blast 
inlet to the grate. '1 he outer 
jacket is (.Mended into a 
water seal formed m the 
foundation. A rslmdiKal 
bell IS filled into the toji of 
the ]>roducer iimII, into whu h 
the fuel Is |(_d froni the charg- 
ing lioppcr, so that the fud 
IS heaU d by the outgo ng 
gases as tlu'y leave on lie (r 
way to the gas ouih i , tiit 
obj«‘('l being to ( omeil tin* 
light li)dio. arbons gi\(. n olt 
from the doullation of ihe 
('oal inlo*hved g-O'S, by 
dirta ting llu.m downwaid^ 
tlirougb the hot hit I hed he- 
fore till \ ( an ast - nd to tht‘ 
gas oullt t \ 1 irgc .nnonnt 
ol stt am is iiH'd n itti tin* hla^t, 
amtiunl. ng to as mndi as 
Ihs. ol M iin I 'T 11) of 
eoal gasilK d. \(i, r lea\ mg 
the itrudiK (. r, the hot gas 
jra'iscs hist through a tuhular 
reeu; t rator in wha h it gives 
uji iinc of its sensiMt heat 
to the incoiiiing an and 
steam 'I iie ga then enters 
a meriianit al washer t otisi-,1- 
ing ol a rt ('langular i iiamher 
in which Ihe gas is bioiight 
into contat I whh wan r 
spra)ed hy levoivmg dasln rs. 
'File temjKralure of ihe gaf 
is consideiably it.dut ed, and 
dust and tar jtarlly extiat ted 
From this washer ihe gas is 
led to an ajtj'aialu^ m whu ii 
the ammonia in the gas is 
fixed by weak suIpbuiK at id, 
forming a solulKUi of am * 
iijonium sulphate. d'his 
solution^ known as aiiiiut»- 
niacal liquor, is periodualiy 
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withdrawn and either sold for re-distillation or converted on the site by evapora* 
tion into sulphate of ammonia. The gas, freed from ammonia, is then ready 
for use. 

In the non-recovery type of producer shown in Fig. 190/^, the construction is 
somewhat different in that the annular space and jacket are dib[)ensed with. 
The cylindrical bell is also omitted, and the producer resembles the well-known 
water-seal bottom types. 'Fhe gas in this case j^asses “ hot ” from the producer 
to the furnace. 

When worked on coals giving a high [KTcentage of ash, these producers are 
sometimes fitted with a mechanical dry* ash discharge, and are then known as 
Mond-'l'rumi) gas pioducers. Fig. 191 re[)resenls the producer as su[)ported 
upon a steel framework, with a conical ash collector fi\ed for the convenient 
discharge of ash into trucks below. 

'Fyjiical analyses of gas produced from Mond plants used with and without 
ammonia recovery are given ; - 

« 

Mono Gas from* Hi i icvinous Fun. 

Witinail * With 

Anunoiu.i rc< "\cry. Ainmtiiii.i r(ioviiy, 

CO 23*0 . . 1 I ’0 

II 170 ".. • • • 27’5 Si 

H)dr<)( arlions . . ,V') . . 3'o 

('(). 5*0 ';o • ib’5 Vo . 

N -f moisture . . 5-o'\, . . . 42*0 


The Siemens Producer. Many modilications and imiuovements have been 



Fig. 192 —The .Siemens TrcKlucer. 


made in Siemens producers since first ifttroduced in 1861. One of the modern 
types now used in connection with open-hearth furnaces in which the producer 
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is suitable for being built into the grtiuiul, is shomi in Fig. lOJ- I bis {producer 
if water sealed, and can be conlsmiously oj^Talnl. I'he fannlur bnpjH r is lilted 
for the charging of ihe lucl Since thr iluiging is done from tiie ground levrl, 
this ty|>e of producer is particularly suitable \^here coal is d<h\ercti to the plant 
at the same level, since the coal lan be di'«Uil)i;tt d around the piodincr and 
easily ted into tin' ho])plI^ hv hand. 

\N’ith the ivlindrual t\j)es ol pr^niuci wliuh umhIIv stand on the. ground- 
level, the charging luipp. r is sevti.il (ict above tiie grontui and ( ons< (jiu nlly a 
charging j'lalforrn nui''l he ere«ud tor woikine uj><»ii It the coal is not dclivcrcil 
to the firiiduccr plant at a Ingh lc\tl it^mM h( laiud to the ] lalfoiiu by means 
of elevattirs or lilts 

The Thwaite Producer. Pt(^du(tis oi <iiibient tvjvs iiave hcMi mtrixluced 
by Mr H 1! I InxaUe, one l)jH- 1 t ing rllusitaled m lie Ihe j'roilmer 

5h( 11, whicli is <)l;ndii<.il 
and lined iMlh Iirehtuk,is 
fitted witli an .lirluli or 
jacket through whu h th.c .nr 
necess.u) for the (onihus- 
lion of tlie hn 1 is dra\sn, * 
and heated in its passage to 
the iud bed 'I'iu prodiner 
IS filtul with grate b.\is, a 
\Nater bottom, and tiu- iisu d 
feeding iTopper, poking 
holes, etc, found in nuol 
types of modi, rn proiluci rs. 

With a view to ho aking 
up the volatile matter in 
coal and convirling it into 
fixed gases, 'I'hwaite intro- 
duced a douhb' proihieer in 
which the gas generatul is 
passed altiinatcly through 
the hot fuel in eai'h pro Iiu i r 
before it is diassii off 
Another design of 1 iiwaite 

producei lias lor its objci I the ennehment of tiie jirodui i r ga'' by rm ans of oil 

gas. 



The Wilson Producer. In its ongmal form this is a s(>hd boiiom piodueer, 
cyhndrii al in plan and proviihd with clianing doors through whiih Jhe aslies 
and clinker are removed jieiiodicail) . An iinj»ro\ed t>pe ol produ< < i li.islhcri- 
fore bjcii eonslriK l('d for rontmnous opi ration, and is shown m log h;; It 
consists, as before, of a cylindrical slu 11 litud with ftrt, lire k, but at the bwliorn an 
Archimedean screw' is filti d •shirh, revolving«slowly in a wat< r ash pan, ejects 
the ashes continuously. '1 l,e ])r()du( er is als(j provuh d with a n volving tu\< re, 
which has the effer t of agitating the bed ol fuel Imsidcs dislnhuling the supply 
of air and steam over the area of the fuel lied. 

A further modilu ation m the form of a ine< lianii al rhar,^ing ilevue lias been 
fitted, and consists of a rotating hollow drum which hi < oui' s filled with coal 
from a coal lioj^per aliove, and on rotation discharges its icritinls over the 
fuel bed. • 

In cases where tlie separation of du^t from the producer ga? is considered 
desirable, this producer may he used in ronjunclion with a dust trajj built 
within the casing of the producer, and consisting of a cylindrical chamber lined 
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with firebrick arranged alongside the gas producer proper and enclosed in the 
same casing. The gases from the^ producer chamber which issue at the top, 
pass down a flue to the bottom of the water luted dust trap which is filled with 
clinkers, cinders, or slag, and passing through this scrubbing material the gases 
deposit the dust, while at the same time, owing to the high temperature main- 
tained, the tarry matter is not condensed. 

A \Yilson automatic cleaning gas producer as illustrated in Fig. 194, 10 feet 



194 The Wilson rroilue<'r witn Automalic Feed and Ash P'jcctor. 

internal \liaineter, will gasify about i ton of low quality slack coal per hour. 
'I'he cost of a W'llson producer plant suitable for \\orking a lo-ton open-hearth 
furnace is about ^^300 to 

Amfrican Gas Producers 

The Forter-Trump Producer. — This producer has been designed with means 
for automatically feeding the coal and removing the ash. T'he producer itself 
is of the cylindrical type with a conical-shaped bottom which forms a water-seal 
in the ash pan below. Air and steam are blown through a circumferential 
grate extending all lound the body of the producer, and also through a central 
tuyere. The /ceding device consists of a knifb and water-cooled table which 
rotate at diflerent speeds, resulting jn the distribution of coal evenly over 
the fuel bed. The ashes are cut away in sections by a revolving knife and 


CAS PRODUCEKS 


337 

thrown into a groove round the table, from which they are dischary^l i<uo the 
water-seal ash jons by two scoops aitarhcd ^to the knUe Pins 

removal of ashes results in the rtgulnr feeding; down oi the hu l. 'Mu Lnife ung 
is held in j>OMtion by guide roiitf'', and is geared on ilie niMde llumi^h suitable 
gearing to an ei^itnr motor. I ik jK^wrr !r»^pnre<l to the kmK img (wliirh 

makes about one revolution in j hours) ~ about 2 li p 

A lo-feet dianu ter produ« er is designed to gasil) p> t<'ns of nut si^e bitu 
minuus coal jK-r day, and 35 tons of nut and jk i eo.il mi\( I m the same period 
A 7-feet diameter product r gasilNing line antbr.u He tod li.is .1 i ipauU of 7 
Ions jK'r 24 liours The “ hot e^s ’ cffii ^'ncy t>l the ptinh. » r is « 1 1 im d to be 
85 JKT c c*n! , and the '* Cold gas '* etbu It n« V (With the g.is e('t)l( d do>\ n to ; j; to 
80’ F; = So i^KT cent 'I be labt^ur rc<{m?<il j>t*i shift bu a batti iv (4 H pro- 
ducers where the Coal is dt hserctl mcch.umall) into ihr (ceding .ip] ar.iuis, is as 
follows 

I man to conlrtil thi* walking ol the producers on lop ot -iieinj.' 

I man to rc move asiu s 

I fotiMnan. • 

The Hughes Producer ’I he s|^. lal k^tme o( this ptodm'< r 1, the us. <>f a 
mechanical poker, whuh t .>) a wat< r tooled st. . 1 (.elm,. iej>. mltd liom 



a trunnion and oscillated by an ecrentm r<;d dii\<n by nitduuism from a main 
shaft. Fig. i(j5 shows a sertujn through one of tin se prr^tliutr^. 1 lie slit II is 
of the usual ( ylmdrical torin lined with (ircbtHk, and (t>nn('le<l with a fast non 
base ring to which is bolted an ash rcaejita^lc forming a waici st a) I he 
base rests upon a revolving turntable supported byc.oriual roll* rs, so that the 
ash pan and producer shell with us fuel bed rotate together I he j>oker moves 
backwards and forwards radially while the [irodurcr r(.volves ; bonserpiently 
the fuel bed is broken up and the ash wTrrked down for removal 1 he pr(>- 
ducer top is filled with two feed hoppers, located at different distanrr s from 

z 
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the centre of the pro<lucer so that the coal is deposited in concentric rings 
on to the fuel bed below and levelled off by the poker. The main shaft 
and gearing are supported by a steel framework securely ])raced to the top 
of the producer, which consists of a flanged steel water-cooled casting form- 
ing a water seal at the outer circumference of the producer cover. These 
producers are usually driven by a 3 h.p. motor. 

Under average conditions, these producers are stated to gasify 25 lbs. of 
coal per hour fx'r square foot of producer area ; a lo-feet diameter producer has 

a nominal cajiacity of i ton per hour. 



Six men are required to operate a 
battery of 8 ])roducers, \\here the 
coal is fed into the hoppers from 
ONt rhead bins. 

This producer is largely used in 
the U.S.A., where it was introduced, 
and gives most sat.sfactory results. 

The Morgan Produce#— The 
Aioigan producer is of the grateless 
bottonrtype in which the ash stands 
in a water-filled ash pan formed as 
a depression in the foundation. 'I'lie 
producer itself consists of the usual 
cylindrical shell lined with firebrick, 
supported above the foundation by 
cast iron columns, log. 196 shows a 
sectional view of the arrangement. 
'I'lie top of the ])roducer is covered 
by a shallow' annular cast non pan 
filled with water, through the central 
opening in which the feeding appa- 
latus communicates with the interior. 
. 'I’he h.'cding apparatus known as the 
‘Hh'Oige Automatic Feeding Device” 
is the ol2t‘^tandlng featuie of the pro- 
ducer. It consists of an inchied waler-(Ooled feeding spout which is slowly 
rotated under the overhead feeding hopper, and in doing so distributes the 
coal evi'nly over the fuel bed. This feeding device is made gas-tight between 
the top of the producer and the feeding hoppei by means of water seals. 

The working of the producer is controlled at the combustion /one through 
sight holes placed round the pioducer shell at a height of about 3 feet above 
the water-level in the ash jian, which is the height of the ashes in the jiroducer. 
The amount of steam used is from 33 to 40 per cent, of the weight of the coal 
gasified. Working on bituminous coal conlauiing about 10 per cent, ash and 
1 jier cent, sulphur, this producer is constructed to gasify about 10 lbs. of coal 
per hour per square foot of producer area. 'Fins may be increased to 12 or 15 
lbs. per square foot per hour when using gas coal with high percentage ot 
volatile matter and low ash content. 

The following are standard sizes and capacities of the Morgan producer 


Fm. 196. --TI1C Motg.in ProiUirer, with (n 
Autoin.Uic I'eocl. 


Diani. inside 

Area of gas- 

24-liour capacity 

Diain. of 

fucbrick lining. 

6' q " 

ir.aking surface. 

\\ ilh good coal. 

outlet. 

28 sq. ft. 

, 4 tons 

20 

8' 0” 

50 >> 

7 0 

27" 

10' 0" 

785 ■ 

10 „ 

33" 

12' 0" 

n 3 „ 

15 

40'' 
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The abo\t“ c.ij^iarincs d^prinl upon the kjnd of coal used. Tlw' f<»lli)\vinj; 
an^l) SIS of i;as \\as obtained u!uicr ordin.itN v^nkin^ rx>n<}Miotis from liie Moij;an 
gas producer iisioi: lllniois “ No\ K< ntin iim oi rnmc i i\d 

\i. ' i'i c . An »:\ V <,i (I 

Fixcii carbon . i,. S; ' ('.nbon mono\ide . i; 

\ ubitile rn.Ult r 3 ; , n\«Iio.;< n . » ; S 

Mt)li>tuie 5 H S dio^ .iib< <n-s . . 

Ash (with I i: , 0 . ( arl »*n dioxide . • . ;; 

^ U\\ ).:( n tin . i ... 1 ' , 

n . . . . . 1 - 

For w ork in^; the prodn. < r, tlx (• ‘How niLt Id onr is i ( ^wit t d j >< i s|. m 
I’l.lllt ot 2 j.Iodi!<\ IS 1 . is 111. in .ind I 1 ibiMli I < l.in< 1 ii ill I'llie). 


torTar_L;<r pliini'. m .n'oition t<* lb» t«s inm, onr* 

ever) tlir<e i rodiK < is. .in<i .isjj m.in i- i » \< !\ six 
labour doi s not iiu iiui( tb.it iW'tss.ny |,ii md' n; 1 - 
which ib-j uids <, ntiu I) ujKiii jut s .iil ni; i tmditioio .it tl 


. jll 11 < d lot 
11, il-oe 


in* I * , ! i It* mi t i 
uolks 



FlO, 197. — M*irf;’n Piu-lur, r with Kotaiirif; t»ra!< .ind < >< or;;* Aul'im itn 

Fig. 197 shows the latest t)*[Kt of Morgan jiroducer fitted willi rotating 
grate. ^ 

The Talbot Producer. -'Ihe 'I'albot j)ro(l"<^<r, illustral<(i m Fig lo^^, 
retains the well-known features of the (»kl lyj)e of jiroducers with fixed grate, 
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but introduces a stirrer or rotary poker for maintaining a fuel bed of uniform 
level and density, and assisting the ashes in their descent. The stirrer is in the 
form of a crank, and rotates slowly with an up and down movement about its 
vertical arm or sjimdie which enters the top of liie producer. The spindle and 
stirrer arm are water-cooled steel castings. It is stated that 28 to 30 tons of 
bituminous Durham coal can he gasified per 24 liours in a [iroducer of this type 
10 feet *4 inches diameter, giving good quality gas. 



Pm. 19S. — The Pio(luc('r. 199 The I'avlor Piodiircr. 


The Taylor Producer. - 'I'he 'Paylor producer, or, as it is often called, the 
“ ^Vood producer,” has as its distinctive feature a rotary ash table. Fig. 199 
shows the arrangement adopted. T'he ashes fall on to a ll.it plate rotated by 
means of gearing, and from Vj'is grate the ashes fall into the funnel-shaj)ed 
bottom of the producer, in which they are collected previous to being dischaiged 
through a sliding door into waggons below, d'his jiroducer is understood to be 
the first to be fitted with a mechanical grate. 

Conti NFM'AL G.\.s rkonurpRS 

The Goliath Producer.— 'This producer is designed foi large cajiacities, and 
Its armngemeiit will be seen from the sectional elevation shown m Fig. 200. 
Originally it w.is designed with the lower jmrtjon of the shell made to rotate 
in an opposite diiection to the rotating grate, each })orlion being fitted with 
breaker knives for loosening the ashes and the coal and jiroducing good ijuality 
gas rapidly. 'Phis design has, however, been modified, and the latest type is 
that shown in Fig. 200. It consists essentially of a cylindrical shell lined 
with firebricks, and at the bottom is an extension made of strong segment 
jilates to withstand the crushing action on the clmker. The grate basin carries 
the grate body, which consists of a number of, single rings provided with breaker 
knives and it number of openings through which the air and steam pass to the 
fuel bed. d'his grate basin is motoi^ driven, and is rotated by means of a worm 
and wormwheel operated by a friction wheel and angle lever. The shell, 
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carried by four columns, is supported over the grate basin, arul leakage of gas 
prevented by the water seal proMded. 'k'hc top of the producer js co\ercd 
with a plate, in the centre of which is placed the feeding ho[>p^ r, and round 
which are situated jwking holes. These latter are fitted with .steam seals to 
prevent gas from escaping when poking is being carried on. I'he air .ind steam 
enter through a tube beneath the grate support, which conducts tlie air under 



tlic grate, from which it passes to the fuel bed through the hob s in the cast iron 
grate rings. 

4 _he producer is worked under an air pressure of 4 to 0 inches w.g. with 
steam injected as required 'I'he pressure of gas at th(‘ outh t is about t to 

inches w g, 1 lu' grate basin makes about 4 to 5 rc\<)lutions per 2\ hours, 
re(iiiiring about 2 h.p, tor its rotation, y^cco*rdlng to the nature of the coal 
used the height of the fuel bed in the producer shaft is from 36 to 
44 inches. 

A producer of this type 8 feet 6 uk [les inside diameter, working with 
I'mglish and Westphalian coals in equal jiroportions, thr fornu 1 a roiigli non- 
caking ('oal giving about 10 [x.r cent, loose asbes, and the latter (takcn*from the 
Dorstfeld mine) acakingeoal with 7 to 10 per (cnl ashes, has a capacnly of about 
25 tons per 24 hours I tie following is an average analysis (d gas prodiKed 
during a period of one month in one ot these [iiodiKers installed af a steel 
works in (Germany working on*tlie above fuels.* 

CO,, ( () }f Hydrocarbons V 

% 29 5 "b ii-i % 1 86 'bo 55 % 

The cost of this si/e of producer completely mounted, erected, and lined 
with firebrick, but witliout motor or other pow'er transmission, wt^rkmg platform 
or foundations, is ajiproximatel^ Assuming normal conditions, the cost 

of producer completely connected up to [lower, air, an<J steam si/^)ply, gas Hue, 
and with working platform and touiulations would be a(>proxiiiial( ly /',i2oo. 

I his producer will siqiply a 40 to 50 ton open-hearth furnace jiroducmg 
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14 to 15 heats per week {i.e. about 675 tons of steel), using normal pig and scrap 
charges. , 

The Hilger Producer. — This producer, illustrated in Tic. 201, consists of a 



I 

Fig. 201. — The Hilger Producer. 


cylindrical shell lined with firebricks^ covered at the top and fitted \sith a double 
closing feeding hopper. The lower portion consists of a pan-shaped hearth 
rotated by means of worm gearing. On the hearth is fitted the grate, consisting 
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of two portions, the upper portion forming with the lower, a star-shaped down- 
ward-pointing opening which distributes ; the blast over the whole cross- 
sectional area of the j)roducer. d'he 
hearth is rotated alternately forwards 
and backwards by means of a ratchet 
gear, giving a “ pdgnm’s step” move- 
ment. The amount of the forward 
and backward movements can be 
regulated, and the amount of ash 
thrown out altered to suit the kind of 
coal used. Fig. 202 shows a detail 
arrangement of this rotating gear. 

The feeding hoi)per illustrated in Fig. 

203 is so arranged that if the counter- 
poise weight of the cone is lifted gently 
when the hopi)er»is cliargcd, the fuel 
falls into the middle of the ])rodii(‘er 
as sliown at whilst if the coun^•r- 
poise is lifted (piickly the fuil is thrown towaids the outside ol the producer 
interior as at 'Fhe height of the luel column is maintained at between 34 

and -to inc hes. 

'Fhe follo^^lng data refer to particulars of tests made on two HilgtT pro- 
ducers fitted with revolving grates, each <S feel 6 inches inside diameter, usecl for 
supplying g.-us to a 5 5 -ton open-hearth lurnaee at liie works ol Dorman, Fong tS: 




a 

Fi('.. 20J. — '1 he I Iilgcr Proihicpr. Dct.nF of Feed Ilopiirr. * 

Co., Ltd., Middlesbrough. Duration of test: 12 working days. Coal used: 
8 classes of Fnghsh coal from the Durham (^listrict -Raiidolf coal, raml)ton 
coal, Flordcn coal, Manisforlti coal, W heldalc nut coal, (lordon house coal, 
Trimdon Grange coal, and Chilton coal. The average comiiosition of the 


above is : — 

Fixed carbon . . . . . 517 'o 

Volatile matter 3.5 o % 

Moisture 28% 

vSulpiiur ., 2*3 % 


Total carbon in coal, 75 per cent. Meat value of coal, 13,080 B. Ih.U. s 
per lb. 
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The average of 40 analyses of gas taken during the test was— 

Total combustible 

C: 0 , CO IT CH4 N matter 

2 ',i % 30-0 % 10-4 % rg % 54-4 % 4 y 2 % 

The analysis of the ashes gave 93 per cent, ash and moisture, and 6*5 per cent. 
coml)u^til)le matter, ecpiivalent to 07 per cent, loss of combustible matter in the 
original fuel. 

Sixty-four cubic feet of gas was obtained per lb. of coal, having a calorific 
value of 186 B.'l'h.U.’s per cubic foot. .The temperature of the gas at the outlet 
of the producer was 625'^ C. and the gas pressure in the flue 2]^ to jj- inches w.g. 
The coal consumption per ton of steel produced was 464 lbs. 

The approximate cost of one Hilgcr producer, 8 feet 6 inches inside diameter, 
is /,65 o, or, including lining and erection, foundations, >sorking platform, air, 
sieam+^Ml gas piping and valves, with coal bunker, ^900 to /^looo according 
to conditions. 'I'lie working costs of the producer arc governed by the 

following:— ' 

Vo«er , o„sumption of fan for air . . . „ 4 to 5 [i p- ) 

„ „ for lolation of "rate 07 to o’g h.p. * uO." 

Steam ,, ^5 by weigiit of fuel gasified ) 

Two producer men are reiiuired to work a battery of 3 producers per 12-hour 
shift, assuming that the coal is fed into the hoppers from overhead bins. 

The Kerpely Producer.— 'I'he Kerpely producer, illustrated m Fig. 204, 
has a grate of the revolving t)pe, consisting pf a single cone fixed eccentrically 



Fig 204 — The Kerpely Producer. 


with the producer sliell and provideil with a flat top. This cone consists of a 
number ot plates through \\hich air li delivered to the producer and dispersed 
over the fuel bed. 'The ashes which accumulate in the water-copied trough 
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are automatically discharged hy an adjustable fixed scraper as the trough 
rotates. • 

1 he grate is revolved at a speed of about i rov<)lulion overy 3^ to ^ hours, 
requiring approximately 2 h.p. for driving it. The number of men rccjuired to 
work these producers varies considerably, according to the class of i oal being 
gasified. In some cases where highly coking fuel is used, one man i)er shift is 
required for each producer. In one ease where free burning fuel is used, two 
men only are employed per shift on a battery of iS piodueers tquipjK'd with over- 
head feed for the hoppers and mechanical ash delivery. In another ease, a 
battery of 22 producers tilted with liopj)ers fed from bunkers and over- 
head cranes, and where ash is also removed by the same cranes, there are 
employed : — 

1 foreman > 

2 chargers . ( 

2 crane drivers . . . j shilt. 

I labourer to clean and lubricate driving maehipery 

Thi.s plant gasifies 380 tons of coai*per 2 * hours. 

The Rehmann Producer. •-'I'lu? Rrhmann producer, shown m l ig. is 
similar to the Kerpely, but difTers m respect to iIk ( onslruction ol the grate. 



Fie. 205. — The F\chmann Producer. 


The grate of the Rehmann producer consists of several cones, ^hich tend to 
loosen the mass of coal during its downvfard movement. 'The grate is of the 
revolving type, and air is admitted through covered openings in the cones, each 
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cone being supplied with air by a separate pipe. The lower part of the 
producer casing consists of cast irpn removable segments to facilitate repairs 
and cleaning. 

Rehmann producers are made in sizes varying from 6 to 10 feet inside 
diameter, the largest size having a capacity of 12 to 22 tons of nut coal per 24 
hours. The following are two average analyses of gas produced from coal the 
analyses of which are given : — 


Analysis of Coal. 


C . . . . . 6^67 % 
(i) Volatile matter . 28-67 % 1 

Ash .... 6*37 

H,0 .... 1*19% 


Analysis of Cas. 

co: . . . 3-25 

CO . . 287 

n .... 87 


% 

% 

0/ 


Test on bricpiettes of brown coal from Grehhverk : — 


Analysis of Coal. 


C . . . . 37-29% 

(2) Volatile matt^'r . 50' 20 

Ash .... 5*39 Vf 
11.0 .... 12 * 51 % 


Anal) sis of Cas. 

CO, . . ,. 3 2% 

('O . . 30-6 % 

11 .... I 12 % 



The S.F.H, Producer.— The S.F.H. producer, 
which is being developed on the Continent, was intro- 
duced by Sepulchre, Fichct, and Ilcurtey, and is a 
return to the principle of the Kbclmann producer. 
As will be seen from the sectional elevation shown in 
Fig. 206, the producer resembles a charcoal blast 
furnace, and consists of a shell lined with firebrick 
with a solid hearth, which acts as a receiver for the 
molten slag formed during working. Two tapping 
holes situated opposite one another, just above the 
bottom of the hearth, serve for the removal of the 
slag, and situated above is a row of water-cooled 
tuyeres three to six in number, connected with a 
blast main which encircles ihti producer. The coal 
fed into the producer is mixed with limestone, sand, 
or granulated blast furnace slag for the purpose of 
lutuifying the ash and producing, under the influence 
of the air blast, a molten slag which is tapped from 
the producer every one or two hours. No steam is 
used wiUi the air blast, which is sujiplied to the pro- 
ducer at a pressure of from ^ to 2 } lbs. per square 
inch. Consequently the hydrogen content m the 
gas produced is low', as will be seen from the 
following table : — 


t\! 5 I.K LWXIII® 


Anmysks of G\s rKODuern in iiif S F.H. Producfr 



I i,;i)itc. 

Hi own coal. 

Coal 

Coke briquette*. 

CO 

29-5 

28 3 

31-0 

27-9 

H 

6-7 

77 

60 

12 

CH, . 

3'2 

75 

6*5 

2'0 

CO, . . i 

2*5 

1 ‘‘4 

ro 

i 1*6 

N ' 

ss-i 

55 » ’ 

550 

1 67-3 
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The gasifying capacity of this producer is given as 175 to 220 ll)s. of coal 
per square foot of grate area per hour, am^ it is claimed that a producer only 
4 feet diameter inside the brickwork will gasify 24 tons of average (ju.dity coal 
every 24 hours. The rapid working of the producer has its effect on the bru k- 
work lining in the hearth portion, which requires to be renewed every 3 months. 
The shaft portion of the brickwork is expected to last for several )cars. 


C(XST OF Gas Pkoducing 


The following costs have been prepared from ji.iiliciilars of several 
producers, representative of the leading types, and have been habe<l on a 
producer plant supplying gas to a 60-ton open-hearth fiirnai'e working with cold 
pig and scrap charges, producing 13 heats i>cr week. Output of luriiace there- 
fore equals 780 fons weekly. 

Cost of Producer Plant. -'Fwo S feet 6 inches diameter [irodiu'crs of seveial 
makes would supply softicient gas for the above, and the cost of the j»Iant 
erected and set to work would be appruximalcly /,?ooo. I'bis liguie does 
not include overluad storage bii^s for the (oal, or Muchanual bandlmg 
plant. • 

Allowing 10 per cent, for deprec iation and 5 per (aait. for inteiesl, the 
annual charge on /^2ooo = /,'3oo. Assuming that the jcroduc 1 1 plant is 
worked for 48 weeks per year supjilymg gas, the output of the luiii.ice plant 
supplied in that time would be 780X48= 37,^0 tons of liquid steel. 
/. Charge fesr depreciation and interest on pioducer plant per Ion of liciuid 


37.'t°o 

Cost of Fuel. — i'aking an average of 5 cwl of coal [ler Ion of li<|uid steel 
tapped from furnace, and assuming the coal to cost 8/. per ton delivered at 
the plant, the cost of fuel per ton of licjuid steal = X 8 = 2j. 

Cost of Labour. — Assuming normal ( ondilions and on the undei standing 
that the coal is fed into the ])roducer hoppers by hand, one gas man and 
one labourer per 12-hour shift could do all the necessary work. 'I'lie wec^kly 
wages paid to both night and day shift men amount to 13c. Adding 
50 per cent, for management expenses, the cost of labour on the jiroducer 
plant per ton of licjuid steel produced • 


- " ' 780 ” - ySo " "" 

Cost of Repairs, Power, Steam, Stores, etc. -These items are all small, and 
the total cost taken over a period should not exceed about 2^-/. per ton of 
liquid steel. 

Summary of Costs 

s. d. 

Depreciation anfl interest on plant ...-02 

Cost of fuel ....20 

Cost of labour • • • o -i 

Cost of repairs, power, steam, stores, etc. . o 2,J 


Cost of gas production per ton of liquid steel =2 7 


Or, excluding the cost of fuel, the cost incurred in producing ga'>- ^d. per ton 
The cost of the producer plant docs not influence considerably the cost of 
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the steel produced. It is, therefore, advisable before installing plant to ensure 
that the most economical and eftitjient producer is adoj)ted, since a saving in 
the coal bill (which is by far the largest item of cost) often more than 
com[)ensalcs for the increased cost of plant. 

Cost of Gas Producing in Large Open-hearth Plant.— Where a battery of 
gas producers is installed to work in conjunction with several open-hearth 
furnaces, it often pays to instal a complete coal-handling plant, so that the 
labour rccpiired to work the producers may be reduced to a minimum. A 
tyi)ical plant is described and illustrated on p. 327. The increased cost of the 
plant will be more than compensated for by the saving in labour effected. 

'baking the charge for depreciation and interest on a large plant equipped 
with coal handling to be 2\(i- per ton of steel produced, and the fuel con- 
sumjition at 5 cwts. of coal per ton of steel (which with coal at Ss. per ton 
= 23 .), the cost of labour in working the producer tilant is equivalent to from 
l(/. to It/, per ton of steel, and the cost of rejiairs, power, steam, stores, etc. 
= 2y/. per ton. 

Cost of gas jirodiring per ton of luiuid steel = 2v. 6 t/., or a saving of 
jier ton of stea l by installing mechamfal hai/Jling plant. 

Cost of Gas Producing in Small Open-heartl> Plant. - Naturally the cost of 
])rodu( mg gas for a small ojien hearth plant is considerably greater than for a 
large plant. Not only is the cost of labour per ton increased ; the fuel required 
to produce i ton of steel is increased as well. In the case of a lo-ton open- 
hearth furnace (where the outlay on the gas producer plant with accessories is 
from to allowing for a coal consum[)tion of 9 cwU. j)er ton of 

steel jirodiiced and with coal at 103 per ton, the cost of gas tiroducmg per ton 
of liquid steel = 53. 6^/. to 63-. * 

Tiikory of Gas Producing 

'Fheoretically the most economical method of utilising the heat in coal is 
by direit firing. Unfortunately, the heat energy contained in coal is not all 
imparted to the material in the direct-fired furnace, and generally the process 
IS much less economical than when gas, previously generated from coal in a 
producer, is employed. Moreover, gas firing has several distinct advantages 
over direct coal firing, inasmuch as gas-fired furnaces can be more cas ly 
controlled, and the flame can be made more or less oxidising as reijuired. 
But, more important still, direct coal firing is mqiracticable in open-hearth 
furnace practice. 'This is the reason why Siemens’, when developing their oj'ien- 
hearth furnace, inlioduced at the same time a commercial type of gas producer, 
since g.^jSeous fuel, burnt in the furnace with air, enabled them to obtain the 
reipiired temperature with the aid of regeneration. 

Reactions in Gas Producers. — The working of a gas producer depends upon 
the passage of air or air and steam through a mass of incandescent fuel. 'Phis 
first results m the production of, carbon dioxide ^CO-^), caused by the combina- 
tion of the oxygen in ihe air blast with the carbon in the fuel, and as this passes 
up through the incandescent coal, the CO2 is conveited into carbon monoxide 
(CO) by further combination with more carbon. If steam is used with the air, 
additional reactions take place, resulting in the splitting up of the steam (H2O) 
into hydrogen and oxygen. Some of the hydrogen combines with carbon to 
form hydrocarbons, and the remainder passes off with the gases as hydrogen gas. 
'Fhe oxygen set free by the breaking up of the .steam, unites with the carbon to 
form COj. and finally CO in passing through the fuel. The nitrogen from the 
air which is set free mixes with the cefrbon monoxide and hydrogen, and passes 
out as an inert gas to the furnace. The volatile matter and moisture contained 
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in the coal arc driven off before the fuel reaches the incandescent ?oi\c and nn\ 
with the other gases, winle the ashes anij some of the sulphur \sork down 
through the producer and are wilhdr.iwn at the bottom in the term ot aslies and 
clinker. 

Some of the sulphur contained in the coal passes out with the gas, and 
thence to the furnace. Since this is a most ohieciionahle i K imnt m the steel, 
care should be taken tliat the luel iiseil is as luc as p^^s^d>le horn sulphui In 
some cases lime,is added with the coal in the jnoducei in order to mak(‘*a moie 
fusible clinker, which will carry down with it as much siilj)hut as possible. 

The use of air without steam in the,pioducer gi\es use to iiiuh sirahl\ high 
temperatures, besides increasing the amount of < linker It is, tlaufon*, lound 
necessary to introduce a steam jet with llu‘ air When laihon hums to ( ()■ the 
reaction is exothermic, ;.c. heat is tvolved, and when ( '() • is <on\(iled to ( () 
the action is endothermic, / c. heat is absorbed. In the lust cas(‘ i Ih ol (aihon 
burnt to ( 'O2 evolves 1.^500 Ik I h Ij.’s, and when this (piantiu ol ( ( thus 
formed combines ^Mth moie ('arhon to form ( () 10,090 1>. 1 h h s ai« .il'soihcd. 
Thus 4410 B.Th.lhhs are given off as luat to the luek It this a( (idu were* to 
continue heat would accumulate in*llu pifxliu cr too rapidly to he dissipalrd by 
radiation and other losses, and the product r would (onseaiu< ntly h< o\( rheated. 
To maintain the temperature to a hiight rid heat .ind diminish the ijiKinliiy of 
nitrogen which must of necessity l)e earned 111 with the air, stiam is blown in 
with the air. 'I’lie breaking U{) of steam into its (ompoiunts, hvdioci n and 
oxygen, takes up heat from the in< andescent hu 1, and laie must lx evciused 
not to intioducc too large a (juantity of steam or the tempi latuie w ill he leduccd 
below^ W’orking limits. The amount ol steam intiodiiced into prodin ms worked 
without reco\cTy of ammonia is About 33 jier ('ent. ol the w( ight ol the luel 
gasified, .ind the weight of air about foui limes tlie weight <4 fiK 1 gasiiied. 

Efficiency of Gas Producers.— 'I bis can be lx st e\])i( ^s( d .is the laiio of the 
iieat units contained in the gas generatial in the proilin er to tlx lx at units 
contained in the coal used for gasification. (To ilx* latl< r must .dso he added 
the heat units in the steam, if steam is blown in witli the air.j 'I he losses in 
producers may be classified as follows: — 

(1) Loss of sensible heat in gases. 

(2) Heat lost by radiation from producer. 

(3) Heat earned away by ashes and uneoir^niied ('arbon m aslx s. 

Willi llie object of (becking the working ol gas producers sev( lal dil]('r(‘nt 
types ol apparatus have been de\ised, whirli, when applied, will iixhcaie in one 
way or anotiier the efticiency of the gas-[)roducing jilant. A ( <)> recorder of 
the registering ty[)e will give a continuous 'record of the percentage of ('()>in 
the producer gas, and since the {)rc.sen('e of CO- induMtes eitlu i the Iciirmng of 
CO in the producer or tlie incomplete production ol ( O, a measure of the 
efficiency from this slaixlpoint can lie o))tamcd. Similarly, a iccoiding pyro- 
meter placed near llie outlet will indicate tlie temjieralure* of tlie gas .yid show 
if the producers are being yijieraled projajcJy. Further, an automatic* and 
continuous register may lie taken of the ralurific value** of tlx- gas produced. 
Fig. 207 lb a reproduction of a chart taken from a Beasley’s r> cording gas 
calorimeter installed in connection with a Whlson gas jcrodiicer plant showing a 
one day’s run. Apjiaralus such as this atT(.)rds valuable indications of the 
efficiency of the producer jilant. In addition to these aulonxilically and 
continuously recorded tests, the quality of the gas and dfx lency ol the jiroducer 
plant may be obtained by analysi.s, which, bowcvc.r, nec c^ssiialc^s taking samples 
of the gas systematically and having them analysed If .l^alysls^Jf gas is done 
in conjunction willi a systematic analyst^ of tin coal used and tlie ashe.s pro- 
duced, an accurate record of the efficiency of the producer [ilant is obtained, 
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the cost of obtaining which would be found in most cases to be more than 
counterbalanced by the economy efijcted in working. 

Vor complete determinations of producer efficiencies reference should be 
made to standard text-books on fuels and metallurgy, and to an interesting 
paper on “'I'lie efficiencies of gas producers," by Mr. C. F. Jenkin.^ In Mr. 



Fic. 207. — Chait showing; CaloTifu, Value of Cas. 

Jenkin’s paper a formula is given by the aid of which the efficiency of a gas 
producer can l;e determined. 

If M = the lieat of combustion of the gas [ler kilogram of carbon contained 
in it. 

K — the pro[)Orlion of carbon contained in the coal. 

(’r -• the ])roporlu)n of carbon which is made into gas. 

1 1 — the heat of combustion of i kilogram of coal. 

"I'hen cold gas efficiency = ^ ^ 

The author calls “ M" the “ Figure of Merit" of the gas, and gives typical 
calculations for obtaining tin; value of M. When the gas from the producer is 
used “ hot," the above efficiency is converted into a “ hot-gas efficiency " as 
follows 

Hot gas efficiency 

Sensible heat per cubic metre of the gas \ 
Calorific [)0\\er of the gas / 

'Fhe sensible heat per cubic metre of gas = Ktemperature of gas — tempera- 
ture of atmosphere) x the “ volumetric specific heat " of the gas), 'fhe volu- 
metric s^iecific heat of iiroducer gas is usually hetwen o'3i and o’33. Since gas 
from a producer working under good conditions -s usually at a temperature of 
about 650" C. (1200’ F.), the hot gas efficiency of a producer is about 12 to 14 
per cent, higher than the cold gas efficiency. 

The most accurate way to determine the efficiency of a producer would be 
to measure the quantity of gas made from a known weight of coal and burn 
samples of the gas and coal in a calorimeter. 'I'he efficiency wmuld then be 
given as — 

Calorific value of gas per c. ft. x No. of c. ft. of gas produced per lb. of coal 
Calorific value of coal per lb. -f heat p»ut into producer by steam per lb. of coal 

‘ “ ProceeJings InstiluUon of Civil Engineers,” vol. cxxiii , pp. 328-351. 


= (cold gas efficiency) x ( i -f 
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The amount of gas produced can be measured by nieans of a Venturi or 
other type of meter, or it may be determincjl by calculation from the analysis 
of the gas. 

Taking the calorific value of the coal at 13080 H/rii U.’s per lb , the heat put 
into the producer per lb. of coal = 13,080 + the heat value of the .steam used 
per lb. Assuming that 33 per cent, by weight of steam is added per lb. of coal, 
and that the steam contains 1155-62- 1093 H. Hull's \kt lb, the heat 
imparted to the jiroducer by the steam = x 1093 360-7 H 'rh.ll.’s*per lb. 

of coal. 

Total heat put into producer = 13^80 -j- 360-7 = 13, t b.'l'h.U 's per lb. 
of coal. 

Assuming that 55 cubic feet of gas are produced pci lb of cc'.il, and the 
calorific value of the coal gas 186 H.'l'h.U ’s per cubic foot, the he.U units in 
the gas given off from i lb. of coal 55 X 186 - 10.230 Ib'rii.U 'b. 

/. Cold gas efficiency of producer - 76 per cent. 

The “hot gas” etficiency of tlu* producer, which is actually the real 
efficiency of the producer, since it t.ikes into account sensible heat of the 
gas, is determined by adding to tke a\aM.d)lo Inal units in thr cold g.is the 
sensible heat. Assuming thc#gas to leave the producer at 1200 h., then the 
sensible heat per Ib. of gas - (1200 — 62) \ specific' hc*at of g.is, whic h we w-ill 
assume = o 33. 

Sensible heat = 1 138 x 0-33 - ^75 B.'l h V \ per lb of g.is. 

I lb. of the gas under C()nsideiation would — about 1 \ 5 cubic feet at 62' V , 

sensible h^at in gas per cubic foot (rcdeired to 62 ' 1*' ) -- ^ 26 H 'I'h.U.’s 

Hot gas efficiency of [iroducer - r- 87 percc-nt. 

bUM 

Blasi-Furnace and Coke-Oven Gas. to the* jiresent time, blast-furnace 
and coke-oven gases have not been utilised to a great evtc-nt for melting 
purposes in open-hearth futnaces. Ivvpciiments have, however, been made 
from time to time with a view to their adoption in place of i>ie>ducer gas; and 
wheieas some works report failure, others appear to be carrying out the experi- 
ments with success. It would seem that either gas used alom* is not suiUihle, 
and experience obtained in the trials points to the advisaluhly ol mixing the 
gases either together or with producer gas. • 

Experiments carried out at the Eriedrich-Wilhc Imshutte at Mulluini Ruhr' 
show that although it is possible to use blast furnace gas alone, the jirocess of 
steel making takes more time than when producer gas is used. Consctpicntly 
coke-oven and blast-furnace gases are mixe^d, usually in the jiioporlion of 1:4 
The mixing of the gases takes i)lac(* before they enter the chslrihuli^g valve. 
These experiments have been tried on two ac id ojien-hearth furnaces of 12 and 
15 tons capacity respectively. 

At the works of Ilubertushutte,'^ coke-oven gas has been used f ^r open- 
hearth furnace practice with siKCess. It is stated, howevj.r, that the* durability 
of the furnace roof and linings has (liniimshed 8 to 10 per cent., but the checker 
work in the regenerators lasts 40 to 60 per cent, longer. 

Natural Gas. — Natural gas has been in use in tlie United .States since 1884 
for open-hearth furnaces as well as for heating and lighting purpose s. It has 
also been adopted to a considerable extent in gas-fired crucible stec 1 furnaces. 
The large resources so long drawn upon, give evidence of sujjplying the increas- 
ing demand for many years to come, and with the opening up of new oilfields, 

' “Stahl und Eisen,” vol, fi, })p. 12 ‘j5-i30I. 

' “ Iron and Coal Trades Review/' vol, 80, p 123. 
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new resources of gas supply become available, natural gas usually existing in 
the vicinity of oilfields. The gas, which issues from the earth at varying pres- 
sures up to about 200 lbs. per square inch, facilitates its distribution, being 
carried in pi{)e lines for great distances from its source to the steelworks. * As 
an instance of the quantities available, it may be sfhted that in 1906'the produc- 
tion of natural gas in the U.S.A^ was 388,842,562,000 cubic feet, measured at 
atmospheric pressure, its estimated value being ^^9,765,402. The gas is 
delivered at the works in the Pittsburg district for (id. to 7^. per 1000 cubic feet 
(1912 prices). 

A typical analysis of Pittsburg Natural Gas is given below ^ : — 

Methane marsh gas . . . . 67*0 % 

Hydrogen 22*0 % 

Ethane (C2H6) 5 '° % 

Ethylene (C2IE) I'o % 

Carbon monoxide . . . . o'6 % 

Carbon dioxide o'6 % ' 

Nilrogen . . ^ 3-8 % 

Many steelworks in the U.S.A. have their batteries of producers standing 
idle for considerable periods, and only put them into use when the supply of 
natural gas fails, or the price is raised above that at which producer gas can be 
made. 

The relative values of producer gas and natural gas arc given below. The 
heat value of i lb. of average Pittsburg coal is given by the Morgan Construc- 
tion Co. as equal to that contained in about 12]^ cubic feet of natural gas obtain- 
able in the same district. Allowing for a producer cold gas efficiency of 76 per 
cent., the gas jiroduced from i lb. of coal is equivalent to 9*5 cubic feet of 
natural gas, assuming that both gases can be utilised with equal economy in the 
furnace. Taking the cost of labour, maintenence, depreciation, etc., on a gas 
producer plant at is. id. per ton of coal gasified, the following figures give the 
corresponding costs of coal and natural gas. 

Co«nOf coal per j 4 ^- 5 ^- 6 .. 7^. 8 ^. 9 ^- 

Equivalent cost ofi 

natural gas pcrj2'30^/. 2‘87<f. 3*43^/. 3'99'^f. 4'5^^' $'69^. 6’2^d, 

1000 cubic feet ) 

That is, when the price of 1000 cubic feet of natural gas exceeds s'99^' 
coal per ton remains at 6^., it is cheaper to use coal as far as fuel is concerned. 

In Canada, large supplies of ga^ are being discovered and utilised for power 
and lighting purposes, and with the development of the steel industry in that 
country, natural gas will no doubt be of great service. 

In the Russian oilfield areas, natural gas abounds, but its use in the steel 
industry^ must necessarily be a restricted one owing to the smallness of that 
country’s output of steel. An analysis of natural gas at Bibi-Eibat, Russia, is 
given below : — 

Depth of bore 
hole— 2106 lect, 

CO2 3 ® "0 

Heavy hydrocarbons I’s % 

O 70 % 

Methane 54'8 V- 

. H ' . . . iy6 % 

N 5 20 - 4 % 

* ‘‘Engineering, ’ vol. 85, p. 32, * Brislee, “Industrial Chemistry,’* p. 140* 
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The apparent lack of natural supplies of gas in this country demands all the 
more attention to the development and j)erft:jpting of the gas producer, and the 
complete utilisation of gases from blast furnaces and coke ovens, in order that 
British manufacturers may be placed in a [position to meet the comi)etition of 
more favoured countries. That natural gas does exist in England is proved by 
Its discovery at Heathfield, Sussex, where it is obtained at a pressure of 200 lbs. 
|)er square inch.' As long ago as 1887, natural gas was being used for boiler 
tiring at the Heliburn ( 'olliery near Newcastle, Mint whether these are fimply 
isolated cases or an indication ot tlie presence of valuable supplier in this 
country, has still to be determined. 

Water Gas. — The experiments whicl/ have been made with water gas for 
melting in open-lu artli furnaces do not aj>pear to lavour llie adoption of water 
gas plants. 'Fhe I )ell\vik-Id(.ischer watei gas plant, which has come to the front 
during recent )ears, gives a gas of the following a\eiage com[)osilu)n : 

II . . 

('(» . 

( . 

Methane 
N ftiog( n 

An English fnm is stated ' to hast' us(‘d a im\t;d wat< i gas for st(‘el melting 
purposes with good results, and Nydgxist and Holm, 'riollhallan, Sweden, ha\e 
been working two furnaces of 5 and 8 tons capacity satisfactorily with Dcllwik- 
Fleischer gas» The chief objection to walc'r gas is (he intense hi at iK vc lojied 
by its combustion, and the consecpieiitly more rapid de struction of the fiiinace 
lining. • 

'rhe ordinary producer gas still maintains its premier position as the source 
of heal for oj)cn-hi‘arlh furnace working, and until some disliiic I economy or 
advantage is shown by other forms of gas or methods of lu'atmg, the gas j>ro- 
ducer is not likely to suffer much serious rivalry. 

' “Ji viriuil Iron and Sltel Inslilulr,” !</)(, H, |>. 580 
* ' ‘ f< lUi n il \V< s( III S('oilan<l 1 1 < »n .iii'l ."stK 1 1 ii'i Unit c "1 I, ] ■ 1 1 7, 

^ M ihl unci luM n,” vol. 27, pp. 1 181 1 187 .uid 1 22 J 122S. 
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ARRANGEMENT OF LARGE OPEN-HEARTH FURNACE PLANTS 
IN S'TEELirORRS 


Tup'.rk are certain determining factors which naturally suggest and often compel 
a definite arrangement of the different parts of a steelworks plant. In large open- 
hearth ])lants steel may he manufactured by any or all of the following methods : — 

1. Melting and conv^erting materials from the cold slate into steel in fixed or 

tilling open-hearth furnaces. 

2. Melting and converting proportions of cold scrap and liquid iron into 

steel in fixed or tilting open-hearth furnaces. 

3. Converting molten iron into steel in fixed or tilting furnaces. 

4. Refining molten metal (partially converted to steel by other means) in 

fixed or tilting furnaces. 

5. Partially converting iron to steel in fixed or tilting open-heaith furnaces, 

and afterwards refining m electric f^urnaces, 

I'heiefore, the process or method of manufacture to be conducted determines 
in some degree the kind of plant reejuired and its arrangement. In the case of 
method (i) there is no necessity to have a blast furnace or j)ig-iron mixer, but in 
working the other processes the pig iron must be taken either direct from the 
blast furnace to the open-hearth furnaces or to mixers, and from thence to the 
open-hearth furnace, 'i'o remelt the pig iron in cupolas before use in the open- 
hearth furnace is not usual or economical. 

(lenerally considered, the arrangements of plant necessary for producing 
steel by the various piocesses conducted in the open-hearth furnace, can be 
reduced to two r 

1. For dealing with materials in the cold state and melting and converting 

them to steel. 

2. For converting and refining materials in the molten state to steel. 

There arc other considerations which naturally enter into the design and 

arrangement of steelworks after the method of manufacture has been decided, 
and some of these are : — 

1. 'rhe relation of the steel melting and casting buildings to railways and 

vaiious sidings and works track for the supplies of raw materials, and 

to the mills to which the ingots produced are to be taken. 

2. 'I'he relation of the blast furnaces to the mixers. 

3. The relation of the mixers to the open-hearth furnaces. 

4. 'I'lie means of tiansport of materials from scrap yard to furnaces, from 

blast furnaces to mixers, and from mixeis to the open-hearth furnaces. 

5 d'he means of handling the steel produced in the open-hearth furnaces, 

and the removal and disposal of slags. 

6. 'Phe relation of the fuel supply to the open-hearth furnaces and mixers, 

and the handling of coal and ash at the gas producers. 

In new works, where every opportunity is given to the engineer to instal the 
best steel-making plant without any limitations of site or expense, it is a 
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comparatively easy matter to make an efficient lay-out for the particular kind of 
product and amount of output required. A Jnore difficult problem, however, is 
that of converting old works to new, where the limitations of siite and money 
interfere with the execution of the best rearrangement. 

Open-hearth Plant using Cold Charges. -In America and Germ.iny, where 
the natural resources favouring a greater steel production exceed those of 
England, there is more sco[>e and inducement to develop new and remodel old 
Steelworks, witii tj^e result that steel can be produced more rapidly and .at less 
cost. Take, for instance, the rate of outjjut on the Continent Iroin fixed open- 
hearth basic furnaces of from 30 to 40 toiy; cipariiy melting and converting cold 
charges to steel, and conqiare the output from furnaces of the same nominal 
capacity producing ingots for the same [nirpose in Britain ; it will be found that 
about double the output IS obtained from the ('ontinental steel luinaces. d’he 
facts are, that on the Coniment, 4 heals are usvi.dly obtaiiu il (.ind sometimes 5 
heats) per day ol 24 hours from tmnaces of the above capacity. In Britain, a 
good average numlrer is 2 heats p( r 2\ hoiiis. Mr. B. \V. Head states ’ that in 
South Wales, where they melt a goat deal of sciap and woik mostly on the acid 
process, they eonsider 12 heals {leP w» ek* extremely goo<l woiking, and this 
we have confirmed from ollie# sources. Even m It.dy, at the .Siduurgua di 
Savona, where they make tin plates, they get from 4 to 5 luMts per day out of 
25-ton turnac es, and the niechanual arrangements lor handling the materials are 
not good. 

While the arrangement of works, the f.icilities for handling, removing, and 
charging raw. materials, and tlu‘ de.sign of fiiina< es, are largely responsible lor 
greater outinits, other factors ( ontiibutc also to the highei piodin lion of .steel, 
such as hastening the operations ch.irgmg, melting, tapping, slagging, and 
patching the furnace hearth between heats. 

The canqiaign of a continental furnace is short conijxartd with that of Biitish 
furnaces, the niimher of heats obtained being from 300 350, hut with an instal- 
lation of five furnaces, four ran he kept in regular commission all llie year round, 
one always being under rejiair l)y an expert repairing gang kept in const. iiit 
employment. It is found, tlierelore, more economical to woik on this prim iple 
than to keep patching tlie furnaces weekly for a longer period on commission 
on a gradually diminishing output. 

Handling Materials. — 'I he usual arrangeir# nt of ihi* modi in steelworks 
where cold cliarging is conducted, consists ol a number of furnaces m one line, 
with the casting shop on one side and the charging plallorm 011 the otlier, 
suitable cranes spanning each bay. On the charging platform, chaigiiig 
machines suspended from overhead gantrieipsuch as illustrated in k'K- 208, ui 
machines of the low ground revolving type which run on a broad gau^‘ trac k 
on the platform, are used for rapidly tilling tlie furnaces 

In ihescraj) yards adjoining the furnace building, overhead electric travelling 
cranes with susfx^nded magnets empty scrap and pig iron Irorn railway Jruc ks, 
and from the scrap and pig iryn heaps fill lhc:»pans, whi( li arc* conveyed on 
trucks to the cliarging platforms to be handled by tlic^ charging mac hines. 
Where a large pro[iortion of scrap is used in tlie rb.irges, it is foiincl more 
economical to purchase scrap in bundles or to do the bundling in sc:ia[) presses 
in the stock yard. 'Fhe practice in all countries is much alike* m this r( sj>(‘ct, 
although the arrangements and conveniences fur handling the materials may 
differ. 

Arrangement of Open hearyi Furnace Plants using Molten Pig Iron 
Charges. — During recent years, the introduction of molten jiig ircjti charge s in 

* “ Keconl I)ev<'l()j)nicnts in .Steel-Works rrae-tice,” “ West oi .ScolLiii'l Iiou and 

Steel Institute," 1911 12, pj). 14 15. 




.. 2o8. — ■'Wellman Charging Machine. 
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Open-hearth furnace practice has caused a considerable amount of change in the 
design of new steelworks and in the remodelling of old steelworks. Seveial 
processes of Vnanufacture are conducted in o|x*n-hearth furn.u es with partially 
or entirely molten metal charges, which necessitate the use of slightly clifl'erent 
plant for handling the materials in each case, bpt the outstanding fc.iturc's in the 
rearrangements consequent on the introduction of molten iron charges are the 
employment of blast furnaces and mixers, with the auxihaiy plant ri'quir^ in 
conveying the mo^en metal to the mixers, and from them to the furnaces. 

In some works the metal is conveyed direct to the opcMi-hearlh furnaces from 
the blast furnaces, but this practice is becoming the exception. 

Position of Blast Furnaces. - It is not essential that the blast furnaces should 
be in close proximity to the mixers— as a rule they are some distance from them. 
In some cases the metal is carried for several miles m ladies mounte d on loco- 
motive trucks, when the blast furnaces are not in tlie immediate neighhoiirhood 
of the steejworks. 'I'here is, of course, a danger of the metal “skulling ” in the 
ladle, but when the transit of the metal is carried out expc*ditiously, this is com- 
paratively slight. • 

Position of Mixers. — No fixed pl?in is aflopted in the arrangeim ut of mixers 
in relatmn to the furnace plan 4 . Usually, the mixers are placed in the same 
building as the furnaces, and in line with them, so that the chaiging machines 
and overhead cranes may seive both the mixers and furnaces. In other works, 
the mixers are placed in the same building as the opcn-he.ulh furnace's, not in 
the same line, Init opposite and parallel with them. 'Then again, mixc is arc 
sometimes arranged in separate buildings entirely fiom the furnaces hut adjace nt 
to them. 'I'his latter arrangement is convenient when mixers are used for 
serving furnaces in ditfercnt buildings. 'I'hc ([ucsiion of position is de termined 
by the ic(iuirements of the furnaces, and the best mexins of receiving the* metal 
from the blast furnaces and distributing it to the melting and converting 
furnaces. 

Auxiliary Handling Plant. — Molten metal charges are iiuariahly brought 
to the mixers from the blast furnaces in steam or elcctrie'ally driv* n locomotive 
ladle trucks, 'bhe metal, after being weighed on a weighbridge, is lipped into the 
mixer by a l^draulic or electrically driven tipping device*, or by overhead e rane. 
rhe metal is likewise conveyed freuu the mixers to the furnaces, and is usually 
poured into the latter while the ladle is susjx'i^led from the oxerhead crane, 
the tipping being performed by an auxiliary crab on the crane. 

Charging machines are used just as in furnace plants \xhcre cold metal 
charges are melted, hut tiiey are prmcqially recpiiied for charging ore, lime and 
scale, and also scrap, when proportions of scfap steel are used with ^he molten 
metal charges. • 


TvncAi. Modern KouirRED OrEN-iiEARTii .Steelwori^s 

In this country many steelx^rks adopteil the molten metal jirocess sc veral 
years ago. The Erodingham Iron iN Steel Co., 'i'hc ('argo ld(.*el (.'o , and moie 
recently the Skinningrove Iron Steel Co. have installed the 'i'alhot Con- 
tinuous Process. 

A few years ago the Glengarnock Iron Sl Steel (.'o.'s Works in Ayrshire were 
remodelled by Mr. Edgar W. Richards, and ccpiijiped with three 50-lon tilting 
furnaces and one 250-ton gas-fired mixer, all of the Wellman type, working in 
conjunction with blast furnaces. * • 

Some years ago, Mr. John H. Darby* M Brymbo demonstrated the value of 
‘ “Journal Iron and Steel Institute, ’’ 1905, I, p. 122, 
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the Rertrand-Thiel process in modified form, and introduced an arrangement of 
plant for conducting the process ec|)nomically. 

Plans of several of the large modern English works with descrij^tions of their 
plant, have been given in some of the various trade journals. 

The following descriptions and arrangements of typical plants are of works 
in America and Germany which have been either entirely remodelled or built 
\\itlnn the past few years. 


American Steelworks 

The Gary Plant of the Indiana Steel Co, 

The Gary open-hearth plant of the Indiana Steel Co. is perhaps the largest 
in the world. The works, a very full account of which is given in “The Iron 
and Coal Trades Review," ‘ are arranged with six independent buildings each 
equipped with fourteen Co-ton basic open-hearth furnaces, each building being 
1189 feet long by 1930 feet wide. Fig. 209 shows a section through one of the 
buildings, and Fig. 210 apart plan/. Twcb30o-ton mixers are erected in each 
furnace building, and the whole operations of Receiving metal from the blast 
furnaces and distributing same to the open-hearth furnaces proceed in each 
building independently of the other. They are separate units, and in some 
respects could be regarded as independent steelworks. 

Arrangement of Buildings. 'I'he open-hearth furnace buildings are grouped 
in pairs, having a large scrap yard with three tracks between eagh budding, in 
which a skull cracker is erected for breaking heavy scrap and ladle skulls. A 
mixer building is conveniently arranged aR one end of each furnace building, 
with suitable tracks for receiving the metal from the blast furnaces, and for con- 
veying It from the mixers to the furnaces. The gas producer budding runs the 
full length of the open-hearth furnaces on the side next to fhe storage lean-to, 
and special provision is made* for receiving the coal on an elevated track and 
distiibuting it to each gas producer, after being crushed and elevated to an 
overhead bunker. 

Auxiliary Plant. — A crane of 75 tons lifting power with an auxiliary of 
15 tons capacity foi lipping the ladle, is used in the mixer-house for handling 
the hot metal. A 6o-ton ladle^on electrically-operated hot-metal car is used for 
conveying the metal to the furnaces. Similar cranes are used over the open- 
hearth furnace charging lloor for pouiing the metal from the ladle into the 
furnace. On the casting side of the furnace cranes of 125 tons cajmeity, with 
25-ton auxiliary cranes, are used fqr handling the casting ladles. 

At, the* gas prodiiciTS the coal-handling devices are of the most modern 
design. Truck-loads of coal are received at the producer building on an elevated 
railway track. The coal is dropped down a chute from the truck into an 
electrically-driven coal-crusher, and after being crushed, is elevated to an 
overhe’^d bunker. From the ^overhead bunker the coal is distributed to the 
producers by an automatically-controlled hopp'i^r crane which deposits a regu- 
lated amount of coal to each producer periodically. In Fig. 187, Chapter 
XXXI, is shown a someuhat similar arrangement used at the Lackawanna 
Steel Co.’s Works, but in this arrangement the coal is not crushed before being 
elevated. 


The Union Steel Companfs Works^ Canton, Ohio, 

At the atiove works an arrangement of modern open-hearth plant designed 
to compete with larger works has b’^en installed. Six 40-ton basic furnaces are 
' Vol, 78 (1909), p. 565. 
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arranged in one line, being equipped with charging macliine for handling the 
scrap steel and pig iron, and in the ^fasting shop \Mth overhead cranes. 

d'hc gas producers are placed in two lines parallel with the bpen-hearth 
furnaces, and coal for their supply is brought over an elevated railway. Pit 
furnaces adjoin the melting plant for heating ingots for the mill. The cost of 
producing steel in these works is given in Chapter XXXIII. 


German Steel Works 

The development and success of the molten metal processes in the open- 
hearth furnaces have encouraged the construction of new, and reconstruction of 
old, steelworks in Germany. Two illustrations’ are given of works started 
within the last few years, manufacturing steel with molten or semi-molten charges 
in open-hearth furnaces. 

’ ' Tlir Gi'ori:^sm(irie?ihu/(e, 

In PI ate VII arc illustrated ])lan and sectional elevations of the steel 

works of Georgsmarienluitte at Osnaliruck, Germany, d'he.se works were 

started in 1907, and are built in close proximity to the blast furnaces, from 

which the metal is taken in ladle trucks to the mixers. 'I'here are five basic 

open-hearth furnaces, each of .jo tons capacity, erected m line ojiposite to and 
parallel with two mixers, one of 150 tons and the other of 250 tons capacity. 
The furnaces and mixers are connected with the gas jiroducers. which are 
arranged behind the furnace chimneys and placed parallel with tne furnace 
building. Although the mixers are shown as being connected with the gas 
producers, the 250-ton mixer is supplied with gas from the blast furnaces and 
heated entirely by this gas, which is first cleaned and concentiated before 
reaching the mixer. 

Mixers, — The mixers not only collect pig iron from the blast furnace, but 
refine the metal, so that the work of the oj)cn-hearth basic furnaces is greatly 
reduced ; 6 heats are obtained Irom each furnace every 24 hours. 

'I'ne blast furnace metal is w’eighed on a weighbiulge outside the building 
before it is brought to the mixei, after which it is lifted fiom the truck by an 
overhead crane of 30 tons capacity and tipped by means of a 5'ton auxiliary 
crane. 'I'he metal is poured into a runner chute mounted upon a fiame, and 
Hows into the mixer; a 2-ton charging machine is used for introducing the ore 
and lime. 

'I'he refilled metal is poured from the mixer into a ladle suspended horn a 
60 ton oveihead crane. It is wxighed on a weighbridge between the two mixers 
and then brought to the furnace, into which the metal is tijijK'd by the hel;) of 
a lo-ton auxiliary crane. 

Opeti-hearth Furnaces. — 'I'lje furnaces are of the ordinary fixed type, 
arranged with the regeneratois below the heartll, and sujiplied with gas from a 
battery of producers, leach furnace is connected with a large gas main, through 
which the gas from all the producers passes. T'he gas and air valves are 
operated in the ordinary manner. While the hot metal is charged into the 
furnace on the same side fiom which the metal is tapped, a 2-ton charging 
machine is used on the other side for introducing scrap, 01 e, and lime, the 
materials being brought on to the charging stage in pans after being weighed on 
the weighbridge. An overhead auxiliary runner on mono rail also assists in 
bringing the materials to the furnates. The charges are ta{)[)ed into ladles 

‘ R)' the kind iiermission of Dr. Petersen and “ Stahl und ELen,'’ Dusseldurf, 
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suspended /rom overhead crane and carried to ingot moulds, whieli are arranged 
01) trucks. I 

Gas PrVd ucers. — At one end of the battery of nine Kcipcly rot.iting pro- 
ducers is a coal stoiage hunker below the level o( the ground, ('oal is 
deposited into this from trucks brought over it, and raised by overlu'ad crane 
from the stonge hunker by means of a collapsible hiu ket to a 10 ton bunker 
above the jiroducers and at one side t)f them. 'The coal is conveyed to the 
hopper of eacl), j'roducer by a chute from the overhead bunku. I'lTff^ashes 
from the producers are deposited in trucks at one side and below the level of tlie 
producers, for easy removal by locomoyve. 

77 n' lu-ih!ni-Falvahuti(. 

Another arrangeiiK'nt of (jerinan steel works rcjirtsents one of the latest 
works built (or the jiroduction <d' light ingots of .) to ( wts i at h, lor the 
supjily of a conttnuous rolling mill Solid (barges weie bring iiielled in the 
oj)en-hearth furnaces at the I’.ethU n balvahuttc until th^vear njio, when llie lU'w 
jdant illustiated in Plate \ 111 wa^installfd llie in w luinarss and mi\er woik 
in coniunclion with the bk^t furnaces in the oulinaiy wav 111 the snpjily of 
]i<|Uid iron, bill the works are arianged with hbcial sriap >aid (at'ilities for 
the sipiply of 60 per cent of the total ihaigis as ('old sciap 'rhespt i lal feature 
in this plant is found in the imsans adopted for the lapid handling of the scrap, 
W’hich IS charged into the fuinares 

From Hie se* lional elevation and plan of the plant it will he observed that 
betvvei n the furiuu es and the gas jirodiu'er plant there is a hh( lal spar'e for 
scrap storage, which is spanned iTy two oveilu-ad < lanes for handling the scrap, 
l^'rom the main railway two ehvated tracks run into the s(ia]» yard. 'The rail- 
way trucks are (iiiplied by electiu, magnets suspended fuuu tin* overhead ( ranes. 
A pri'ss for bundling scr.ip is placed by the side of ( ac h ti.uk 1 he bundles 
are jinked ujiby an auviliaiy runner on the overlu'ad cram' .uid pl;u ed in < barging 
jians on the fiiinacc jilalform within reach of the 2-ton fuinai e ( hargi r. 'I'he 
ease with wliieh each operation is ac coinjilished with the muiiiiium of l.ihoiir, 
not only im reases the output from tlu* |)lant, hut ledin ( s the ojieraling costs. 
'Table I.XXXIV' (pag(“ ^62) gives details of cost of bundling sc rap hi both 
hydraulic .ind ele^ tncally operated presses. , 

General Arrangement of Buildings and Plant. The general layout of the 
buildings and plant differs from that of the' Georgsniatienhutle. ( )ne mixer 
only is used, of 150 tons cajiac ily, jilacecl 111 line with and belw'cen the futnai'es. 
'I'hc methods, however, of cliargiiig the molten me t.d into tlu' furnace and in 
tapjiing the charge are the same in both works, and the handling (/.iiies and 
chargeis are similar 'I’lie gas |)rocliirer j)iant is ojH-r.ited m tlie s.imc way and 
with similar coal and ash handling devices as the jiioducer ]>l.u)t at (leorgs- 
marienhutte, allliough arranged clifterc-ntly on a( count of the silt'. 

Conclusion. - I'liere aie jnany other interesting fealurt s about tlTc (h'lailed 
arrangements of steel works jilant to wlmdi reference li.fs not Ixcn made, such 
as the various ways of ro'ording the weights of hot and cold materials, the 
methods adojited for the storage of the different matc-rials (other than jug iron 
and scraj)) used m the processes, the storage of refra< lory mat( rials and mills 
for grinding same, the laboratory for tests, and the lavaloiy ( (Uiveniences for 
the men. These, and other smaller details, are imjiorlant, and are usually 
arranged according to convcyiience. For instance, the slor.ige of refractory 
materials is frequently arranged for under the charging jhatfc>^rn of mixer or 
furnaces, and the laboratory for tests oft the staging or m some ccnlial j)Osition 
within easy reach of the furnaces. 
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TABLP LXXXIV 

Scrap Bundling Presses 


Itemi of cojt 

Kind of Press used. 

One toitial 

Electric press. 

press. Two 
hydraulic 
presses. 
One scrap 
shears. 

Pressing 
direct from 
wagon. 

Scrim 
moved from 
yard by 
hand. 

Unloading 
with mag> 
nctic crane 
for 6 o-ton 
output 

I. A^era};c ouli^ut per s 

hift (tons) 

9*25 

29-5 

26-0 

6o*o 

2. Avcr-i^^e weight of bundles (cwts.) .... 

4'5 

15*75 

. <S ’75 

' 5 ’ 75 , 

3. Cost of unloading scrap (shillings) .... 

0*4 

0-4 

0*4 

o-i5> 

4. I’ow’cr \ 


40-25 

4-85 

4-69 

9*07 

5. Materials, oils, etc. 


. 1*3 

0-92 

0-92 

0-92 

6. Repair materials 1 

per I 

1-56 

2-4 

2*4 

2-4 

7. Repairs, labour 

shift. / 

2*24’ 

0-97 

0*97 

0-97 

8. Air consumed 

Shillings. 1 

— 

1*74 

1-56 

3-62 

9. Wire for bundling 


4-8 

— 

— 

— 

10. Labour j 

1 

21 -9 

16-56 

38-76 

19-52' 

11. Direct cost i>cr ton of pressed bundles . . . 

7-8 

0*93 ' 

1*9 

0*61 

12 . Interest and depreciation per ton of pressed 

1-23 

0-39 ’ 

0*44 

0*2 

bundles 






13. Total cost of pressed bundles 

9-03 

1-32 

2*34 

0-81 

14. Cost including unloading 

* 9*43 

1-72 

2*74 

0*96 

1 5. Transport from press to furn.ace, per ton of 

0*66 

0*09 

0-09 

0*09 

bundles 






16. Total cost, including 

■ transport to furnace . 

10*09 

1*81 

2-83 

I *05 

17. Cost of charging per ton of bundles 

0*54 

0-03 

0*03 

0*03 

18. Total cost per ton of bundles 

10-63 

1-84 

2-86 

ro8 


This includes interest and depreciation. 



|rii _Plan and Sectional El 




CHAPTEJl XXXIII 


COST OF STEEL PRODUCED IN TYPICAL LARGE OPEN HEARTH 

FURNACES 


The cost of steel production by large open-hearth plants of modern* design is 
now reduced to very fine limits, and dejK'nds upn the Ifu^d of plant and process 
employed, and the quality of the prt)duct Acquired. 'I'he actual cost of the plant 
is not a serious item when th^ enormous totmage produced is considered. Some 
medium-si/,ed fixed furnace plants, used for melting cold charges in ])roducing 
ingots of ordinary quality steel for light structural steel sections and similar 
classes of work, cost little more than u. for depreciation and interest |)er ton of 
ingots produced, when a charge of 15 per cent, is made on the total plant 
capital. It*is understood that the furnaces are kept in operation for about 40 
weeks per annum. I'he question pf the continuous operation of a furnace plant 
has a very marked influence on the final costs of production, not only ui>on one 
but many of the items of cost 

The kind of process of steel making conducted in the furnace also influences 
the final cost. The nature of the process carried out is usually determined by 
the commercial considerations governing prices of materials and the local 
demands for the kind of steel products manufactured. 

It would be difficult to state costs of production for the various methods 
employed in furnace plants, without comparing all the oj}crating and purchasing 
conditions in each case. It is therefore intended to give typical illustrations of 
costs of steel produced in some plants operated on modern lines and represent- 
ing the best practice in the three principal steel-producing countries of the 
world. 


Cost of Steel FCjrnace Plant 

'I’he plant included in a modem open-hearth furnace equipment is as 
follows 

1. One or more furnaces, complete with regenerators, flues, revering valves, 
and separate chimney for eac^ furnace. • 

2. Gas producers, or batteries of producers, arrange(f in pairs or in groups of 
three, according to their size and the size of the furnace to be supplied. Also 
flues connecting producers and furnaces. 

3. All the coal handling and other apparatus and equipment required for the 
supply of fuel to the producers, and the removal of ashes. 

4. Cranes and charging machines, locomotive and trucks, charging boxeSi 
railway track, weighbridges, ladles, and all the necessary plant for handling 
the raw materials to and from the stojk yard, and at the fui^ces in taking 
the steel to the casting floor. 

5. Generating plant, if power for operating electrically cannot be purchased. 
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at a reasonable price from an outside supply, or from the power department 
which |xists in the steelworks where it is proposed to instal new plifnt. Such 
generating plant to include steam boilers for gas producers, pump^, etc., for 
water power, and apparatus for lighting throughout. 

6. Buildings. 

7. All foundations for plant and •buildings. 

Cost of Furnaces. — Considering only the cost of furnaces, there are on 
record octimates and costs of furnaces actually designed, and others which have 
been verified by having been constructed and put into operation. The following 
details are taken from the sources named, and can be compared with the prices 
paid by manufacturers for furnaces of siiliilar design which may be in operation 
in their own works. 


Details of Cost of Two ^o-Ton Furnaces'^ 


The following costs were prepared by Mr. F. H. Treat, consulting engineer, 
Pittsburg : — 

One furnace, coraplet(^ with 66 feet length of buildings, stock yard, producers. 


buildings, etc. — * * 

Iron and steel work for one 50-ton o.b. furnace — 

Charging floor, 89,000 lbs. \\d 

Track rails, 13,200 lbs. @ ..... 

Beams and channels for furnace binders, 

100,000 lbs. (si) \\d 

Steel ca.siings, 51,000 % 2\d. 

Stack, 40,000 lbs. % 2d. 

Reversing valves and dampers, gas box, and 
flue connections, and regulating apparatus 

Brickwork and lining for one 50-ton o.h. 
furnace : 

Furnace and regenerators — 

220.000 common bricks @ 62^. 6//. . . . 

65.000 silica bricks (a> t45J‘. sod 

235.000 No. I clay bricks («) S2^s. 

10.000 magnesite bricks @ 77(^'. 10^. . . 

Flues— 

30.000 No. 2 clay bricks @ i04f. vl. . . . 

30,000 common bricks (jt^ 62/. 6 d . . . . . 


Stack - 

40.000 No. 2 clay bricks @ io4.f. 2d. . - 

90.000 common foundation brinks (a) 62s. 6d. 


50 tons magnesite @ 83^. ^d. . . . 

450 tons coal 

Labour making bottom .... 
Concrete, 3500 cubic Veet (a) loV. . . 



s. 

d. 

695 

6 

0 

55 

10 

0 

625 

0 

0 

531 

5 

0 

333 

6 

0 

625 

0 

0 


687 

10 

0 

473 


0 

1468 

15 

0 

3«5 

8 

0 


156 

5 

0 

93 

^5 

0 

208 

6 

0 

^i 

5 

0 

208 

6 

0 

375 

0 

0 

72 

18 

0 

145 

16 

0 


I s, J. 


2,865 7 o 


3,015 12 o 


250 o o 


489 II o 


802 o o 


’ Total fiOSt of furnace . - • ^ 

• “ Iron Age,” vol. 71, p. 
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Producers and equipment— 
5 produfers @ £221) ^s. 
5 connections . 

Building 16' X 66' . . 

Coal handling machinery 
Main gas flue .... 


C s, d. 
1 M 5 o 
104 3 o 

3 1 8 6 o 

208 6 o 

260 8 o 


Building 66 feeUn length. Furnace, charging, 
and casting shops -- 

195,000 lbs. steel and iron work i;</. . . 1502 lo o 

Foundations . . 256 => o 

Narrow gauge tracks ....•••• ^8 1 5 o 

Excavation, 3020 cubic yards is. 3^/. . . 188 15 o 


Stock yard, including runways for ctane and 

railway tracks 

7 mould cars ((i\ £62 

I steel ladle 

24 charging boxes . • ^ 

6 cars for charging boxes 

I cinder car .... 


307 18 o 

312 9 o 

87 S o o 
31:10 o 
62 10 o 


/: 


2.0^6 18 o 


2,016 5 o 


1,807 >7 


q'olal cosl lor one lurnaee . . . ® 

Total <»ost for two furnaces . . . 26,1^67 o o 


The foreiroing details are given in full, as they sot forth m .1 c.ni.ielRnsive 
manner a scLdule of the materials required in hinl.hiig a 501011 fninace plant 

^''‘^'rhStiowiiig table gives a summary of the costs of a lew dill, i. nt si/es of 
furnaces with necessary producers : • 


TAHLE lAXXV 


Costs 6 )K hnKNAfJLs ANn^l'KoDi/CK ks 



size of fu mace. | 

Gas iiroducers. | 

Cost. j 

■1 

One 50-ton furnace 1 

4 

5 gas producers | 

7422 if 

2036 ; \ 

'1 


One 40lon ,, 

3 »» »» 

4625 1 

1215 



• 

• ( 

A 

One 30 ton , , 

\ of 8 gas producers 

8309 ) 

3316 1 

4 

One 20-ton ,, 

1 With producer 

1 

1 

5208 { 

1 


Kcill tl 


Two furnnrts lo proiluccrt^ 

includcil in the stJ^Miic.’ 

Three fiiin.ir'-s iMchith'l in the 
.irran^t inc'iil. 1' Icvcn jiriithitcrs 
used for ihrcc 40 Ion fiirnarrs 
and one pit fnr#ac.e. 'i'olal 
cost of piodin I IS /^4458. 

'Ihrfe fnrnans vMlh clinnncy, 
platform, and tasting; )'il m 
schunt*. I'.iqht protluccrs 
suppi) ii'i^ till' \ (urnat es. 

Six 201on fnrnaits with jrro- 
dyc 6 ts included in the scheme. 


1. “ Iron Age?” vol 7 1 , p. 30. 

2 . *' Iion Tra.lc Keview,” Ocl. 27th, 1904, p. 32 

3. “ Iron and Coal Traded Review,” 1910, p. 367. 

4. “ Iron Age,” vol. 47, p. 1108. 
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In the remarks column of the above table, the notes explain the size of the 
complete plant of which the itmes named form a part. In the case oft the 40-ton 
furnace, the cost does not include foundations, which appear as a separate item 
in the complete cost of the equipment of the furnace and plant. I'he follow- 
ing summaries give details of the 50, 40, 30, and 20-ton plants referred to in 
Table LXXXV 

5o-7e« Open- hearth Furnace Plant. • 

£ s. </. 

Two 50-ton furnaces and 10 produe.ers, complete with 

buildings, stockyard, etc 26,567 o o 

One 75-ton ladle crane 4,560 8 o 

,, „ freight and erection .... 270 17 o 

One slock crane 807 6 o 

„ „ freight and erection • 41 13 o 

One charging machine 2,187 10 o 

„ „ freight anckorectiqn 104 3 o 

'I'wo extra ladles 62500 

Ladle repair stand 62 10 o 

Casting stand and car movci 250 o o 

Coal hopper, crusher, and elevator 416130 

Ends and extra bay in main building, including founda- 
tions and excavation i,545. 12 o 

One electric stripping crane 3,020 17 o 

„ ,, „ freight and (Section . . . 175 0 o 

1 20-ft. runway for above 300 o o 

One 2o-ton narrow-gauge locomotive 833 6 0 

WestinglioLise 200 k.w. generator 786 9 o 

Engine for above 701 9 0 

,, ,, freight and erection ic4 3 o 

(Land total 45,359 ^ 

^ Engineering and incidentals, 10% .... 4,337 4 o 

'I'ctal for 2-fui^iace plant . .... £ai £^)1 o ^ 


40- 7c// Open-hearth Pinnace Plant. 

. • £ s. d. 

Buildings for furnace and mill t4,^45 o 

Foundations and grading 1^,250 o o 

One pit furnace 2,750 o o 

Three; open-hearth furnaces i3,^75 ° ^ 

Eleven gas producers and pUnt ......... 4,45^ 6 o 

Cranes, charging inachine, etc 9,395 o 

One 48" Universal mill 12,208 6 o 

Auxiliary table and shears 10,000 o o 

Boilers 4,^95 ^7 o 

Engines, pumps, aivi dynamos 8,979 3 ° 

Steam fittings, wiring, and lighting 5»^^^ *3 0 

Scales, buggies, track, etc . . . 3,^33 ^ ° 

•Total .... ;£' 98,958 3 o 
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The above cost includes buildings for mill, rolling mill, and mill machinery, 
but as part of the auxiliary plant for the mill is used for the steel plant, the items 
have not been separated, but given as sliowft. 


30- Op(n hearth Furmue 

riant. 


Steelworks pudding . . 


L 

7 ..^o 

Three 30-ton 0 . 1 1 , furnaces, with Onmney, 

platlonn, and 


easting pit .... . . 


- bon 

Mixer .... • . . . 

• 

1 2,700 

(Targing apparatus . . . , 


' 15 ^' 

hour c ranes ... . . 


3.OS0 

Three 3o-ton ladles . . . . 


1,050 

Wagons, et(' . . 


I ,:<)o 

Kight i)rodu(l'r.s, with gas mams and hudiliiigs 



Sundries 

• • 

• - 

.’.21S 


. . . . ^ 

0 j.ss5 

2**' Ton Op(fi-Ji'af th I'miuia- 

riant. 



L 

/. it 

Six 20don furnaces, with j•l()du('ers, platforms, * 

lie . . 

0 0 

'I'wo cranes on trucks for ste<] la<lles 


6 0 

Locomotive for above . . 

... St; 

f) 0 

'rhiee hydratihe hoists . 

. . 0., 

7 0 

Casting pit ... 

jiS 

« 

Four \\'elln! in cranes . ... 

'.IS 7 

1 ; 0 

'I'welve steel ladles 


0 0 

Twelve ingi)t tru( ks, tutKe mould liucks . 

1 .0 p 

I ; 0 

One hundred ingot nunilds 

.-•.70; 

1 ; u 

Hydraulic plant . . 

I , h S < ) 

1 1 0 

Four boilers, 100 h [>. ea( h . ... 

1 op 

*0 

Buildings, 350' X 120' X 40' ’ < • 

.S, 7 So 

0 0 

Tiacks, steam hammer, etc 

. . . 

7 0 

dotal . . 

• • /-0 747 

3 0 

Unproxided for . ... ^ . . 

■ • SOL) 

1 4 0 

Faigineering, etc. ... 


ij 0 

Crand total . . 

• > /d'hS''^o 

1 1 0 


The above cost is rather ^id, and is thco f^ire suhjh rt to inodifu airon. This 
should he borne in mind \shen romj»aring il with other c^sls. 

Working Costs of Large Open-hearth Furnaces. In the costs of plants given, 
only one includes a mixer. Tlic use of a mixer is gen< rall^ adopt* d in alt large- 
plants where molten cliarges are used, and are commonl) emplo)ed whui the j)ig 
iron is made within reasr>nal)le distance of the st« ( 1 plryit. 'I'lie use (d molten 
metal decreases the working costs, the duration of the lieal is shortened, and fuel 
is saved in melting. 
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75-Ton Basic Open-hearth Furnace Plant 

We give the following costs for the production of basic steel from furnaces of 
the above capacity. 

Output. -The total output per week is taken at 5000 tons, or equal to about 
2 to 2^ heats per furnace per 24 fiours. The furnaces are kept in continuous 

Cost of Plant required.— rive open-hearth furnaces are employed. 
The repairs to the five furnaces are almost equivalent to one furnace 
constantly idle. The furnaces are nominally of 75 tons capacity, and are worked 
with half liquid iron and half steel scrap charges. p:ach furnace is supplied with 
gas from a group of 3 producers, each capable of gasifying 24 tons of coal per 

^The groups of producers can be coupled together if desired, so that if one 
group is out for repair another can be put in operation. 1 he other items ol 
plant include 

One 500-ton mixer.* 

One overhead furnace crane of 7^ tons (Capacity. 

Two charging machines. • 

One overhead gantry crane in scrap yard. 

One locomotive with trucks, charging boxes, etc. 

Two 125-ton casting cranes with 30-ton auxiliary crabs. 

TVo charging ladles and ladle chutes for furnaces. 

T'hree casting ladles. 

Two physic ladles, weighbridges, tables, e^tc. 

The appro.ximatc cost of the plant, complete with fomulalions, buildings, and all 
necessaiv power eiiuipment is ^200,000. 

Depreciation and Interest on Plant.— Taking 15 percent, on plant outlay 
to cover depreciation and interest, the charge per anmiin = 15 per cent. 01 

;^200,000 = , c 1 

Charge lor depreciation and interest per ton ot steel 
^ 30,000x20^^^, 6f/. 

. 240,000 

a40,ooo tons is tlic annual output recorded on the five furnaces, being employed 
continuously except when shut (Town for repairs. . . , 

Sairs^ -ThL include materials for the repair of mixers, ga^ producers 
furnace^s, ladles, etc., and the approximate cost per ton of steel - at. 9 * 'or 

F3-°'rakin.^ coal at tor. per'ton and the total consumption per ton of 
' steefSoolS’^hiclt is a fair 'average for large furnace, -king;^'';^^ 
molten steel charges, the cost per ton of steel 
heating furnaces, mixers and ladles (c6al and oil fue ) 9-1 

'‘“Lbour.-Includiivg the chcTnists, meltcrs, tirft and second 
gas producer men, ash handling men, loco men 

mixer men, weighbridge men, crane men charging ' 3s aii^J 

pourers, stock yard labourers, slag truck men, and the rcpairi g g 
helpers, the labour cost per ton of steel = y. <)<t ,0 

'Raw Materials.— Taking the cost of the pig 'ron delivered at the mixer t 

be 5or. per ton and the furnace scrap at 45^- pe.r 'on, the cost of liquid steel is 

To 33 uce 5000 tons of liquid ateel per week, 535 ° wns of material are 
required, divided in the proportion of— 
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2675 Ions of pig iron ^os . . 6,68; lo o 

. 2675 „ scrap „ 45y. . . ... 6,018 15 o 

'lolal cost of raw materials per week . . /'i 2,706 5 o 

Cost of materials per ton of liquid steel = — cos, 10./. 

^ * 5000 

Cost of Fluxes': 'I'his vanes in amount accordm;.; to the kind of materials 
employed in the charge and the prices per ton of limestone, lime, and lluorspar, 
which tluctuale and \ary in ditVerent count/ies. An average.cost i)er ton of steel 
is taken at is. 

Cost of Ferro .Vddiiions : For recarhurising when making ingot steel for 
rails, it is usual to take sulheient iron from the mixer and pour the metal into 
the casting ladle as the steel is hcing tapped from the furnai e to bring the 
carbon in the charge up to the desired limit. In the case of fuinaies of the 
capacity now being considered, the weight of pig non requiietl is considerable, 
and increases the tonnage of steel produced. * 

As each ton of mixer metal addeif to the casting ladle makes one ton extra 
of liquid steel, llie cost of steef production is le^s by making additions in this 
manner than when using a smaller amount of pig iron and pro[)orlionately more 
spiegcleisen, ferro-mangaru'se, and (erro silicon. 

Ferro-manganese and Ferro-silicon : 'I'hese additions combined average, for 
mild ingot steel, about 20 lbs, per ton, or an approximate cost j)er ton of liipiid 
steel of IS. 6i^. 

General and oflke expenses (shar4‘) are taken at approximately u. (hi. per ton. 

Summary of Costs 

l‘er ton of steel for ingots from live 75*lon opendieaitii furnaces prodm ing 


5000 tons of liipiid steel ^ler week. 

Cost of plant, ^200,000. ^ ^ 

Dejireciation and ml(‘r<'st . 026 

Repairs (matenals only) , . . . ^ 9 • 

0 8 5 

Labour • . . . '^8 9 

Raw mate.oals and additions .... ... 2101U 

, ,, tluxes ... Q [ o 

,, ,, ferro-manganese, lerro-silicon, and 

aluminium .• o j 6 

General and office expenses (shar. ) ..... old 

Cost per ton oMiipiid steel . . /,3 7 3 


If scrap is taken at sor, per ton, the cost of sVeel is /,'3 91 i o/. person. 

* " • 

4O-TON IkA.SlC Ol’FN-IIKARTH FUKNACK Fl.ANT 
Cost of Steel Production 

From the details of a plant designed and installed by ^Ir. Victor Heutner at 
the United Steel Company’s Works at Canton, Ohio, the following jjartinilars of 
output and costs have been prepared from details given by him#' They are 
set forth in the following order for comparison with other costs. 

' " Iron Trade Review,” October 27lh, 1904, jj. xxv. 


2 U 



370 


LIQUID STEJ^L 


Output of Plant.— The plant (enumerated on page 366) consists of 3 open- 
hearth furnaces, each of 40 tons capacity, producing 40 heats per week, 
melting 1600 tons of material and producing 1472 tons of ingots weekly. 

Coot of Plant. — The total capital expenditure on plant and mill was 
and assuming that the total apptoximate cost of three furnaces and 
complete equipment of the auxiliary plant to be ;3f5o,ooo, which would be a fair 
approximation, the annual charge for depreciation and interest is as follows : — 


Depreciation, 10% of ;^5o,ooo ' . 5000 

Interest, 5% of ^'50,000 2500 


Charge for depreciation and interest per annum . . ^^7500 


Assuming 40 working weeks j)er year, 1 a an annual output of 1472 X 40 
= 58,880 tons of steel, the charge for depreciation and interest per ton 


7500 X 20 
58,880 


2 S. (id. approx. 


Working Costs per Ton of Ingots 

Repairs.— The materials used in repairing the furnaces, ladles, etc., per 


week’s campaign are as follows : — 

£ j. d. 

15 tons of magnesite 873-. (ni, per ton ... . 65 12 6 

25 „ dolomite @ 143. 7//. „ .... 1847 

Clay, bricks, nozzles, etc 2500 


^ r 173. Id. 

Cost per ton of ingots = =13. (id. approx. 


Fuel.— Eleven gas producers of the Swindell type are used, each capable of 
gasifying 10 tons of good coal per 24 hours. They supply the pit furnace in 
addition to the open-hearth furnaces, but the coal consumed at the open-hearth 
furnaces is recorded at 680 tons per week. 


680 tons of gas coal @ 93. 2d. per ton = /^3i i 133. 

fxw 1 ^ 3 . 


C' net- nf fnnl 


Labour.— The list of men emidoyed on both shifts per week, and their duties 


and wages are as follows : — 


per day. 

S. d. 

pel 

£ 

week. 
s. d. 

2 melters 

@ 

22 

II .... 

13 

ES 

0 

6 first helpers 


I I 

si ... . 

21 

15 

0 

12 second helpers .... 


6 

lo-i .... 

24 

*5 

0 

2 steel pourers ... 

)> 

12 

6 . . . . 

7 

10 

0 

6 pitmen 

»* 

7 

3 .i . . . . 

13 

2 

6 

2 cranemen 

n 

12 

6 . . . . 

7 

10 

0 

2 charging-machine men 


9 

4 i . . . . 

5 

1 2 

6 

I ladle man’ 

»» 

8 

4 . . . . 

2 

10 

0 

2 gas makers 


10 

5 . . . . 

6 

5 

0 

4 helpers 

)) 

6 

loi . . . . 

8 

2 

6 

20 labourers .... 


5 

7 i . . . . 

33 

15 

0 

2 cheinists 




8 

6 

8 


Total . . ;£i52 19 2 
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The cost of labour, therefore, per ton of ingots 

/152 19^. 2</. • 

= — = approx. IS, iJ, 

• 1472 

Raw Materials. — The following weights of raw materials arc used per 


reek ; — • 

i f. «/. 

640 tons of pig iron (i7) 50^. per ton i(>oo o o, 

916 „ scrap (tij 4IJ. 8^/. „ I'^oH 7 o 

12 ferro-manganese (a) jT^o i 6 s. 8./. per ton . 1 0 o 

64 ,, ore (so'^o ^ • • ■ • . 60 o o 

'I'otal . . 7 o 


/['/m8 7 c X 20 

Cost of materials per ton of ingots = ' ‘ ^ , 

Fluxes : 

144 tons of limestone 2^. 6</*pcr toh 

8 „ fluorspar 4 it. 8^/. ,, 

Total 


50.S. approx. 


T ./• 

1 8 o o 

16 I t 

i'U 4 


.*. Cost of fluxes per ton of ingots = 


£.\\ i.v- t</. 

' 17- 


()J. ai)pio\. 


General Operating Expenses. — The total geneial operating expenses such as 
fuel for boilers, oil, etc., and labour such as firemen, electrician, loco engine men, 
millwTight, blacksmith, bricklayers, weighbridge (.lerks, and helpers is (apial to 
£2'jG is. oJ. per week for the whole works. 'Taking of this aniounl lor the 
steel plant and the remaining to tin* null, the cost per ton of ingots 
, A2i() \s. 0(/. X 20 

= }; X IS. 3r/. 

Ig72 

Ofllce and Selling' Expenses. -'Ihe total weekly office and selling ex p(;nscs 
is given as ^62 lor. o(/. If the steel plant bear ^ the cost t.(', 5-1. 0(/., the 

. . 5 c 0(/. X 20 .# 

cost [Kir ton of ingots = - ' =5^/ 


Summary of Costs 

Per ton of ingots from three 40-ton opeli-hearth basic furnace;? [iigducing 


1472 tons per week. 

Cost of plant, ^50,000. 

/ .. ./. 

Depreciation and inl(;r( st ....^..026 
Repairs (material-f only ) . .... o* 1 6 

Fuel o 13 

I^abour . . ..021 

Raw materials (metals) 2 i« o 

„ „ (fluxes; 006 

General operating expenses including 

pow'er (sliare) 0^3 

Office and selling eftpenses (share) . o o 5 • 

Cost per ton of ingots . . /.z 2 6 
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Total metals charged 1.600 tons 

Ingots produced 1472 „ 

Loss and waste 8 per cent. 

If the i)rice of pig iron is taken at 6or. per ton and the scrap at 45/. per ton, 
the price per ton of ingots is increased as follows : — 


640 tons of j)ig iron Qv 6o^ 

916 „ scrap (<77 453- 2061 


Total 


/3981 


3981 X 20 , . f , 

^ = 54f. id. per ton of ingots, or an increase of 43-. id. over cost 

already given, cost per ton of ingots = ^3 6s’. "jd. 

If the [irice of pig iron and scra[) be taken at 65^. and 503. respectively, the 
price per ton of ingots will be — 


640 tori> of pig iron 653 p^2o8o 

916 „ scrap 503 2290 

Total . . . . ^4370 


4370 X 20 , ^ - 

— = 593. 5^/. per ton of ingots, or an increase of 93. ^d. per ton 

on the original cost, making the cost = ^3 113. iid. per ton. 


35.T0N Basic Open-hearth Furnace Plant 
Rapid Melting. Solid Charges 

The following is a typical modern steel furnace plant used in a rolling mill 
steel works in Germany producing light mild steel sections for structural work, 
light rails, and other classes of work. 

Output of Plant. — The output per week of each furnace, working from 
Sunday night to Sunday morning = 1050 tons of ingots, and calculating the 
cost on the production of two furnaces, the weekly output is 2100 tons of ingots. 
The materials are charged into the furnace in the solid state. 

Cost of Plant. — The following plant is required for the above production, 
and by the kindness of the designers of the furnaces and producers, Messrs. 
Paul Schmidt and Desgraz, we had the opportunity of witnessing its operation 
in Germany. 

Buildings and structural work foi; furnaces and producers. 

Two 35-ton basic open-hearth furnaces. 

Two gas producers (Golirth type) each to gasify 30 tons of rough coal per 
24 hours. ' 

Cranes and charging machine. 

Locomotive, trucks, pans, etc* 

Boilers, pumps, etc. 

Weighbridges and ladles. 

Foundations, track, etc. 

The total approximate cost of the above equipment is ^{^40,000.* 

Depreciation and Interest. — Allowing a charge of 10 per cent, of the total 

' This figure is estimated. 
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plant cost for depreciation, and 5 per cent, for interest, the annual charge is as 
follows ; — 

# 

, ^40,000 lO^o . • . . £-\,000 

^'40,000 @ 5% . . 2,000 

Total . . # . £(\ooo 


Taking 40 working weeks per year, the annual output of ingots = 2100 V 
r= 84,000 tons. 

Charge for depreciation and interest j>er tc^n of ingots 


6000 X 20 
84,000 


IS. 5</. approx. 


]Vofkui}^ Co As pn Ton of Jfh^^ols 

Repairs. — The furnaces have si)ecially long j)orts, atid are desigiuil with a 
view to the reduction of repair cost^, whu^i aie rather less than m ordinary 
furnaces of the same si/e operated on the principle of melting and converting 
without refining the charge'. About 350 cliargcs are made from e.ich luinace 
without stopping (excei)ting the short interval on Sundays). 'I'he approximate 
cost of repairs [ler ton of ingots = 2s. 

Fuel. — The cost of fuel is an important feature in this plant, as one producer 
only is used wjth each furnace. 'I'hc producer is of the revolving grate type, 
and consumes about 4]^ cwts. of good gasifying coal per ton of ingots produced. 
Taking the price of coal at loy. pcr*ton, the cost ol fuel per ton of ingots = 
2S. i\d. approx.— an exceedingly low figure. Other fuels for heating ladles, 
ferro*manganese, etc, = ^d. per ton. 

Labour. — The materials are taken from the stock yard adjoining the furnace 
in charging machine boxes on the usual form of truck. From the huge stacks of 
scrap steel the boxes are filled by an electric magnet suspendeil from an electric 
crane. 'I'he labour involved in Idling the boxes is reduced to a mimimim, but 
takes rather longer tjian the ordinary box filling with the same appliances 
because an assortment of scrap and pig is made in order to ])roduce the (pialiVy of 
steel required without refining the charge. 'I'he men cmplo)<.(l are as lollows; — 

'hwo melters. • 

Four first hands. 

Six second hands. 

Two charging machine hands. 

Eight casting pit men. 

Two ladle pourers. 

Two crane men. 

Two gas producer mcrL 

Two helpers. 

Two crane men at producer ^lant. 

Fifteen labourers. 

Two chemists. 

The total estimated cost of labour is per week for tVi two shifts. 

130 X 20 

Cost of labour per ton of ingots = - -«= i^. 3^/. 

^ ® 2100 

labour on repairs to furnaces, .ladles, cranes, and other equipment = ajiprox. 
Ts. per ton. ^ 

'Fotal cost of labour = 2s. id. per ton. 
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Materials used. — The furnace charge consists of the following materials : — 

Pig iron (miscellaneous brands) 5 tons 

Ingot mould scrap 

Rolling mill scrap (joists, cliannels, bars, 

billets, etc.) 18 „ 

Iron turnings . . ' 3 

. Light scrap steel (miscellaneous sheet steel 

and iron chippings, tubes, forgings, etc.) • .BJ „ 


Total .... 36 tons 


To produce 2100 tons of ingots per week each furnace melts 32 charges 
weekly, or an equivalent of one charge every 4- to 5 hours. 

The two furnaces use the following materials : — 


l"ig iron 5 tons x 64 = 320 tons 

Scrap 31 „ X 64 = 19S4 „ 


Total . 


2304 tons 


Cost of pig iron, 320 tons @ 50J 800 

„ scrap, 1984 tons @ 451 4464 


Total 


• ^^5264 


Cost per ton of ingots = 


5264 X 20 


= 2(/. approx. 


Fluxes : Average cost per ton = ^d. approx. 

Ferro-manganese and ferro-silicon : These additions vary, but average about 
IS. 6 d. per ton of ingots. 

Fixed charges for management : These can only be estimated approximately, 
but IS, 6 d. per ton of ingots would liberally cover these charges. 


' Summary of Costs 

Per ton of ingots made by^^wo 35-ton basic open-hearth furnaces producing 
2100 tons of ingots per week of 156 hours. 

Cost of plant, ;^40,ooo. 


^ j. a. 

Depreciation and intere5;t 015 

Repairs (materials only) ...020 

F'uel 025^^ 

Labour 023 

Raw materials (pig iron and scrap) 2102 

„ „ (tluxc^ 004 

„ „• (ferro-manganese and R'rro-siiicon) . o i 6 

Fixed charges for management, including power 
and lighting (share) 016 


Cost per ton of ingots . . . 


Acid Open-hearth Furnace Costs.— The foregoing illustrations of costs are 
from basic open-hearth practice, and could be multiplied considerably because 
of the variety of metFiods employed in both open-hearth fixed and tilting 
furnaces. In comparing the cost of acid open-hearth steel produced from the 
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same size of furnace under similar conditions, excepting in the kind of furnace 
lining and materials forming the charge, it is found that the total costs ton 
do n6t differ much. As a rule, basic pig ifon for the open-hearth furnace can 
be purchaseef at a lower price than pig iron for the acid process ; on the other 
hand, the fluxes used in the basic process cost more than those used in the acid 
process. . 

Comparing the costs of both processes as conducted in (Germany, C, Bergstrom' 
gives the following costs per ton of ingots proiluced : — * • 



ftasic Opcn-lie.irlh 

Acul < th 


£ 

£ </. 

Pig iron, etc. . . 

. . 2 0 

•315 0 

Labour .... 

. . 050 

050 

Coal and sundries 

. . 0 10 0 

0 1 1 0 

Total . 

• 

• /.! •'< 0 



^ “Journ.tl Iron ami bled Insiituto,” 1S95, II, y. 50^, 



CHAPTER XXXIV 


STEEL PRODUCTION IN SMALL OPEN-IIEARTU FURNACES 

Thk term “ small” is used here in a comparative sense, to di^stinguish the costs 
given for ingot steel production in large open-hearth furnaces from the costs for 
steel emjiloyed for steel castings. 'I'he range of weight of steel castings made 
from steel manufactured in the opcit-hearth furnace is so extensive that it would 
he impracticable to attcmjit to produce steel smtable for all classes of castings 
from one standard si/.e of furnace. For instance, some steel castings used in 
motor manufacture weigh only a few ounces, while others used for the stern 
frames of the largest steamships weigh nearly loo tons. Furnaces of different 
capacities arc therefore built to meet the varied requirements. Open-hearth 
furnaces of less than 2 tons capacity have not found favour in this country. In 
America, small furnaces of .J-ton ca[)acity havy. been put into successful operation. 

Open-hearth furnace plants for steel foundries may be conveniently divided 
into lliree sections : — 

T. Furnaces below 5 tons ca[)acity. 

2. Furnaces between 5 and 20 tons capacity. 

3. Furnaces over 20 tons capacity. 

I. Open-hearth Furnace Plants below 5 Tons Capacity.- Many old- 
fashioned Siemens Furnaces, fiom 5 tons capacity downwards, are still used in 
steel foundries for dealing with castings for general use, such as colliery, mining, 
railway, etc. It is difficult to produce castings \Mth sections less than ] inch 
thick from steel made in suclv> furnaces, hence the retention of the crucible 
process and the small side-blown Bessemer converter, in which higher temperatures 
are obtained, and therefore greater fluidity of steel. 


* '2 TO 3-T0N “New Fopvm” Siemens Furnace 

Probably the most useful si/e of open-hearth furnace for the small miscel- 
laneous steel foundry producing about 25 tons of liquid steel weekly, is one of 
2 to 3 tons capacity. From such a furnace, steel for castings up to 2 tons 
weiglu each could be produced,'although it is ncA usual to have auxiliary plant 
suitable for handling such weights where an output of 25 tons per week is the 
limit. In some small foundries where steel castings of one or two classes only 
are manufactured, 9y.ich as mining and colliery wheels, no overhead cranes are 
emjdoyed, and the chief cost of the foundry is in the furnace and buildings. 

In one foundry in U'estphaha, Germany, near to the colliery town of Hagan, 
we had the opportunity of witnessing the rapid |jroduction of steel castings direct 
from a 3-tonx Siemens furnace. The metal w’as tapped into shanks of about 

2 cwts. each, and cairied direct to i'he moulds on the lloor near by. After 

3 or 4 shanks had been filled, one of which w'as kept below to catch the stream 
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of metal between tlie fiiling of consecutive shanks, the tap hole was dosed in the 
same manner as a cupola is “bedded up” The hole was ojuned and closed 
repeatedly during the enipl)ing of the fiirnXce. 'I'his practu e is not, nf course, 
confined to tlermany, as for many )ears at the works of the Dailmgton Forge 
tapping and closing was ])erformed in this way. Where ihi.^ is doiu* skilfully, 
and a running tap hole is avoided, the teniji^rature of the steel taken from the 
furnace in this manner suffers less loss of heat than when transfeiieil from one 
ladle to another before reaching the mould, 'fhe initial cost of plant lyul the 
maintenance cost of the foundry arc also less. * 

The following is a description of the “ New-Form" Siemens furnace as used 
in steel foundries. • , 

General Description. — For melting steel rapidly, tlu* small “New-Form” 
Siemens furnace is better adapted than the ordinary Siemens tuinacc. 'This 



furnace differs from tlie old loim (^f Siemens furnaf e in several r( spefts. and tlie 
general arrangement is ditkient, as will be ohsfrvid by i omparmg l ig i.tp on 
jiage 289 with Fig. 21 1, showing plan ami elevation of the liiimn'* now being 
described, d'he main fealun's are as follows; - 

(<r) The melting hearth, gas prodiirer, ^nd rigeneiators arc built logitlicr, 
forming one slrueture. d'iie ri'generatois consist of two chamljei^ of^chetiuer- ^ 
work (i)uilt under the gas jirodiK er), through which air jtasses for conihuslion 
with the gas from the producer 'I'he gas coming direr.t from the jaodiieiT into 
the furnace is sufficiently high in l( nf|)erature to crnnhine w ith the air, .'yid 
needs no regenerators. 'There are, therefore, two air regem ralors t^^ily. 1 lie 
waste gases from the melting ticarlh expend most of ihei^ heal ujion the < heipier 
brickwork in passing tiirough the regeneiators on their way to iIk ehmmey. 
Each regenerator in turn is heated by the hot gases, ami ( ooled by the air 
passing into the furnace. 'Fhis jirocess of heating and coolwig proceeds through- 
out the operation of the furnace. 

(d) 'The arrangement of the gas and air ports diHers from the ordinary 
furnace. Instead of the gas and air passing into the furnace at one end and 
out at the other, they enter and pass out at the same end, lifter making a 
journey round the furnace hearth. '1 he® are twr> gas ami two air ports side by 
side on the producer side of the furnace hearth. When one gas port is open 
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from the producer to the furnace, the other is shut. The air port to the furnace 
on the side through which gas is passing is open’ to the atmosphere, the air from 
which is drawn through the reversing valve to the combustion chamber. At the 
same time, the valve opens the exit to the chimney to allow the spent gases 
passing through the opposite regenerator to escape. 

The admission of gas from the producer to the furnace is controlled by two 
valves, one being open while the other is closed. The natural draught from the 
chifnney not being sufficient to draw the gas into the furnace and give a 
satisfactory result, steam pressure is applied to the producer, the steam passing 
through the fuel in the ordinary way. With a steam pressure of about 50 lbs. 

per square inch, a very good flow of flame is 
obtained round the hearth of the furnace. 

Fig. 212 shows a larger view of the furnace 
hearth, which is made up of brickwork and has 
a sand bottom. The charging door is at the 
end opposite the port holes, y.nd sufifers rather 
severely from the cutting action of the flame. 
Therij is another door on one side opposite to 
the tap hole— this is very useful for the inspection 
of the hearth and Vor other purposes. 

Operation of the Furnace.— When the fur- 
nace and producer are built, the brickwork is 
allowed to dry naturally for a day or two before 
any fire is introduced. It is important that the 
furnace be heated very slowly with a wood and 
coal tire, and* gradually brought up to a white 
heat before a charge is introduced. The furnace, 
as a rule, is worked continuously ; that is, heats 
are taken from it day and night, two complete 
gangs of men operating. In small foundries, 
however, where the men are employed on day 
shift only, two or three heats are obtained during 
the 12 hours, according to, the quality of steel 
required. When making steel with about 75 per 
cent, scrap and 25 per cent, pig, about 4 to 5 hours 
are requiied to melt three tons, attd finishing takes about to 2 hours more. The 
charging of the first heat being commenced on Monday morning soon after mid- 
night, it is ready about 8 to 8.30 a.m. At 9 a.m. the second heat is charged, and 
tapped about 4 p.m. Thus, where castings for ordinary engineering purposes 
are required,' two heats per day are all that can be obtained from this furnace. 
Where the charge requires to be melted only, and is not brought up or down in 
carbon by additions of pig or ore, three heats are possible during the working 
day. After the heat referred to above is tapped in the afternoon, the furnace is 
not agaiiK:harged until after midnight, when the same procedure takes place as on 
the Monday. This is /'ontinucd*until Saturday nurning, when the eleventh heat 
for the week is tapped. During the week-end the gas producer is kept going all 
the time, maintaining the furnace at a reduced temperature. 

Output and Coat of Furnace. — A furnace with a capacity of 2 to 3 tons 
will produce 25 tons of liquid steel per week, working day shift only. The cost 
of a “ New-Form” furrface to produce from 2 to 3 tons per heat is considerably 
less than that of an ordinary Siemens furnace of the same capacity. Con- 
sidering that two regenerators only are required instead of four, and that the 
gas producer forms part of the furnace%structure, less brickwork is required, less 
space is occupied, and the initial cost of installing is thereby reduced from 30 to 




Fk'.. 212. — Hearth of “ New- 
Fdrin ” Siemens 1 ' urn.ice. 
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50 per cent, of that of the older form of furnace, according to the conditions of 
the site. The furnace alone, excluding foundations, clumney, boiler, and royalties, 
costs from ;£^65o to ^750, but before one* could he set in oj>er.ition, ^^here it is 
necessary *to instal chimney and boder, the cost uould be fiom ^1500 to 
^2000. 

Assuming the price to be /'1800, and allowing for an annual depreciation of 
10 per cent, on plant, and 5 per cent, interest on capital, the annual charge for 
these two items = 15 per cent, of ;^i8oo = • ' 

Taking an outjiut of 25 tons of steel per* week for 48 weeks per year, the 
annual output of steel in ladle := 25 x 48 — 1200 tons. 

Charge for depreciation and inter^'st per ton of Iniiud steel 


270 X 20 
1 200 


= 4j'. 6J. 


(per Ton of I.t.jniJ Sf( el for Cnthon S/eel 


Cost of Repairs. - In the “ New-ForyC' Siemens t?ie cost of u p.iirs is much 
less than in the ordinary Siemens turna('C. d lu* fact that two regenerators only 
are required, and that they*aie placed away from the hearth ot tlu' furnace, 
thereby removing the po.ssil)ihty of slag and steel getting into them should a 
leak or an accident arise, arc factors which tell m the rediution of the repair 
costs. 'I'he hearth of die furnace is, of ct)urse, sulqect to the same wi ar as the 
ordinary hparth, but the port^ ace not. 'I'he latter often last much longiT than 
the roof and door jamhs. 'Fhe < iittmg action of the flame m sweeping round the 
furnace is felt, perhat>s, more on ihe brickwork around the diarging door and on 
the roof near the door, than elsewhere. When driving the melt by a high 
pressure of steam in the gas producer, the intensity of the flame is considerable 
at these parts. In Fig. 212 is shown the path of the flame. On eiUeimg the 
furnace from the gas producer it strikes the surface of the metal, and is directed 
upwards in the direction of tlie arrow on to the crown ol the furnace whilst 
surging round the doorway. 'I'he result is that the doonvay soon wears, and a 
loss of heat takes place around the door. 'I'he crown also suflers. 'I hese parts 
require to be repaired rather more frequently than any other jiarts of Iheduinaee. 

Advantage is taken of the three principal holidays in the year for overhauling 
and making good the furnace. 'I'lie hottoiif of the furnace recpiires burning 
down and remaking frequently, sometimes once every month. At other times it 
may be two months before this is necessary, according to the working of the 
furnace and the materials being melted. 'I'liis remaking of the bottom is done 
at the week-end, after the last heat is tafiped on .Saturday mormng^and before^ 
the first charge is put in on Monday morning. Repairs are also necessary occa- 
sionally to the producer and its fillings, and to the boiler. 'I'liere is also the 
maintenance of tools for working the Kirnace. 'I'he total cost of entire repairs 
and maintenance is approximately ^350 per annum. 'I'he cost ol riijiairs, there- 
fore, per ton of steel meltet> • 


_ 350 X 20 


51. lod. 


Cost of Fuel.— The coal found most serviceable and economical in this 
furnace is the common non-caking slark or nuts, which be purchased at from 
8^. to los. per ton. 'I'he percentage of ash may vary from 5 to 10 f>er cent., but 
the lower it is the higher is the heating value obtained from Hje fuel, and less 
labour is entailed in cleaning the prod*icer. 'I'lie Average weight of coal con- 
sumed per ton of steel melted during one week’s run is approximately 12 cwts. 
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This includes the f uel required to keep the furnace alight ‘during the nights and 
week-end. 

Taking the price of coal at 9^. per ton, the cost of fuel required \o generate 
gas per ton of steel melted is approximately 5^. The cost of fuel used at the 
boiler in generating steam for the producer is approximately 2s. yd. per ton of 
steel. The total cost for fuel is therefore 8 j. per ton of steel in the ladle. 

Cost of Labour. — The successful operation of this furnace depends very 
largely wpon the head melter. The quality of the product, the rate and regu- 
larity of output, and the condition of the furnace and producer are also influenced 
by his skill and care. Sometimes he is paid on tonnage, or at a fixed rate per 
shift, and sometimes on a fixed weekly wage. Whatever system of payment be 
adopted, the earnings of the head melter are from to ;^4 per week. In 
addition to the melter, the men required to operate the furnace are as follows : — 
One assistant melter. 

One man at gas producer (day shift). 

One man at gas producer (night shift), 

One charge wheeler. ^ 

One man at boiler. , , 

One man patching and repairing ladles. , 

One man at crucible furnace. 

Part of one man's wages on crane. 

Part expenses of chemist and management. 

With an output of 1200 tons per year, the average cost of labour, including 
the above items, per ton of steel melted = iSs. , 

Cost of Raw Materials. — To manufacture steel to comply with the British 
standard tests of 28 to 30 tons tenacity with ko per cent, elongation on 2 ins., 
and to give a bend of 90 deg. on a test bar of i in. square section, it is neces- 
sary to use good raw materials, and to aim at producing a steel having an 
analysis of 0*25 per cent, carbon, 0*3 per cent, silicon, and 075 per cent, man- 
ganese. Various kinds of scrap and pig charges wilPproduce this result. A 
mixture of very low carbon mild steel scrap wdth the required proportion of pig 
will give the result by simply melting and adding the necessary manganese. A 
mijiture of pig and scrap of differing proportions may be used, and with the 
addition of ore or pig iron during the “boil,” the desired carbon can be obtained. 

In addition to the pig iron, scraj), ore, and limestone, ferro alloys are required. 
The total cost of raw materials p(!r ton of steel melted, taken over a period ot 
about 12 months, and allowing for a 10 per cent, loss in melting = ^3 i2j-. 6 d. 
per ton of steel in ladle when pig iron is 65^. and scrap steel 55^. per ton 
respectively. The average cost of yielting the finals, including the cost of 
.crucibles a,nd fuel in melting, is about 3J. per ton of steel. 

Summary of Costs 

Coft of plant, ^1800. 


. . f ' Aj 

^ Depreciation and interest 046 

Repairs 0 5 10 

Fuel ..080 

Labour and management .0180 

Raw materials «... .. ....3126 

Melting ferro-alloys 030 


Cost per ton of liquid steel . . ^5 11 lo 
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Open-hbarth Acid and Basic Furnaces of Larger Capacity 
. FOR Foundry Work 

There is practically no difference between the method of oi)eraling a large 
open-hearth furnace, whether it be employed in the manufacture of steel for 
castings or in making steel for ingots. 

In distinguishing between the small and large foundry ()j>en-hearth /urnaces, 
the chief diffeftnce lies in the heavier auxiliary plant which is necessary to 
Iwndle the larger charges of steel ]>roduced. Everything about the plant is 
correspondingly larger, and the cost oft.M]uipment is thcritlore greater. In some 
foundries which are attached to steel works where numerous heavy castings are 
required for mill rolls, couplings, spindles, pinions, etc., removable furnace tops 
are used to admit of lifting heavy scrap castings on to the furnace hearth, with- 
out the necessity of breaking the scrap into pieces which will pass through the 
doors of the firrnace. Loose furnace tops are unnecessary in ordinary ingot 
steel production, as it is more profitable to use scrap^of convenient si/e, which 
can be handled by the nrachine /harge^ and fed into the furnace through the 
doorways. 

Rate of Production.— The rate of output from 25 to 40-lon furnaces when 
making steel for castings is from iHo 2 heats per 24 hours. 'Twelve heats per 
week in Britain is considered very good practice ; usually 1 1 heats is a more 
common number. The time taken per heat varies, according to the nature of 
the chargt; and the quality of the steel desired. The method of charging 
furnaces also is more commonly done by hand, the time taken per heat thereby 
being prolonged. * 

Cost Of Acid and Basic O.-H. Steel Production in Steel Foundries.— In a 
paper ^ given by Prof, Bradley Stoughton before the American houndrymen’s 
Association the following figures for acid and basic oiK*n-bcarth furnace steel 
costs are given : — 


TAHLE LXXXVI 

* Ac 11) PROCKSS ^ 

Prices of raw maleri.ils are based upon the current prices ol materials in Pittsburg during 
the first week of M.if, 


R.iw niatcri.ils. 

Pi kc of raw 
niatei lalN per 
aixx> 1I>N 

Weiijht meil 

• 


^ s d 

lbs 

Pig iron .... 

2184 

300 

Heads, gates, etc. 
Foreign scrap ... 

2184 

3 0 5 

660 

10^0 

Defective castings. 

10 8 4 

20 

Ferro-alloys ... 

8 6 #8 

29 

Total cost of metal 


2089 


Operating costs for 25-ton furnace 
,, ,, small furnaces 


Total cost of steel in ladle per 2000 lbs, 

,, M f» 224C/lbs. 


r( « lituge 
ii'vfd 


»5 

33 

54 

1 

1 

104 




— - - — 

( osf, 

( out 

furna< < 


• 


jC > \ 

jC '• 

S 9 


'9 3 


I 12 7} 

• 

2 1 

• 

• 2 5i j 


3 5 2 

3 *5 2 

1 2 11 


• 

I 16 lok 

1 4 « 1 

5 2 oi 

, 4 18 j 

5 «4 3 


‘ Transactions American Foundrymen’s Association, vol. 28, pp, 3 *“ 3 ^* 
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TABLF. LXXXVII 
Basic Process 

Prices of raw luaterials are based uj)on the current prices of materials in Pittsburg during 
the first t\cck of May, 1909. 


• 

Raw materials. 

Price of raw 
iiiatcri.d'. ptr 
ll.s. 

Weight uscil. 

Percentage 

used 

Cost, 25-Ajn 
furnace 

Cost. 


' 1 ^ 

11 >S. 


C s 



X. d. 

Pig iron .... 

2 13 

1040 

52 

1 7 

Ih 



1 leads, gates, otr. 

2184 

660 

33 

19 

3 



b'crcign scrap . 

2 6 53 

350 

*7-5 

8 

It 



Dcfcaivo castings. 

10 8 4 

40 

2 

4 

2 



Ferro-alloys . 

892 

33 

i ‘5 

2 




'I'olal cost of metal 

• 4 • • 

2123 

106 

3 I 


3 

1 11^ 

( Iperaling costs for 25-ton furnace . 


* 5 

5 



,, ,, small furnaces . 





I 

Total cost of steel in ladle per 2000 lbs 




i 4 . 7 

4 l 

5 

» 9 

M ’ » 

,, 2240 lbs 



4 »7 

lol 

5 

13 




Fig. 213.— Smafi Oil-fired Open- 
hearth Furnace with removable 
hearth. (Carr’s design.) 


P'roin thc^c coniiiarativc costs it will be 
observed that there is little difference between 
the total costs of acid and basic open-hearth 
steel, although the operating costs of the basic 
are higher than those m,the acid practice. These 
costs would have been of more service by way 
of comparison had the operating costs been sub- 
divided into labour, fuel, materials used in 
repairs, etc. They re[)resent‘ however, the costs 
for the charges in question, and approximate 
v^hat may be regarded as fairly accurate operating 
costs, for ordinary opcn-hiaarth practice, with the 
sizes of furnaces given. 


Oil-fired Open-hfartii Furnaces 
FOR Steel Foundries 

'Phe use of oil-fired open-hearth furnaces is 
confined chiefly tt the districts where oil is 
plentiful and more economical for steel manu- 
facture than other kinds of fuel available. For 
all sizes of furnaces, oil can be profitably em- 
ployed. In steel works where large furnaces are 
connected with an oil supply, it is usual to have 
gas producers in reserve, to be put into operation 
should the oil sufiply fail or the price be raised 
to a figure which would make the use of producer 
gas more economical. 
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1000-lb. Oil-fired Ppen-hearth Furnace.— The development of the oil fired 
open-hearth furnace for foundries has taken place principally in America. Some 
very small plants are in operation there. The following pailiculars * of cost arc 
of a small (fpen-hearth revolving furnace of 1000 lbs. capacity, as illustrated in 
Fig. 213. The furnace is e([uipped with one set of air regenerators only. 'I'he 
bc^y of the furnace can be removed from between the uptake lines, and the steel 
tapped from it as from an ordinary boltom-stopi>ered ladle. 

To insure the intermittent use of the furnace without undue e\|)ansion and 
contraction, Mr.*('arr, the designer, suggested a lining of rcfi.ictoiy Tire('lay 
bricks instead of silica bricks As the number of heats obt lined lr(un oiu* lining 
is not given, It is somewhat doubtful i^hether fireclay bjuks would last vt‘ry 
long. They are certainly better for intermittent use than silica bricks, which 
chip off, sj)lit, and waste in other ways when used inteimittently. .Again, fire- 
clay bricks are less costly, aiul with a drum type of liinuu t‘, as sliown in 
Fig. 213, which ran be lemoved fiom between tlu- uptakes by a ( r.uie, the 
renewal of a hniijg need not be an exjiensive matter, 'i'he lollowing custs ol 
production are given : — 

• • 

1000-//'# ()/'(• Ft Fuf fuuc Co^is 

Output — 4 heats ivr working day. l-iach licit 1000 lbs. 

Pig iron ( barged . i 260 lbs ui }./ jut ton 

Sleel^sirap .... *?o|o ,, ac 75s 

lApo „ 


Deoxidisers . . ^ 9 li 

Labour 

I melter Cr i6f. Sr/, per day 
1 helper (a 6.v 3//. ,, 

22s I 0 / . . . . I 2 II 

Fuel, 88 gallons 1 L/. ju r g.ilhui . . ... o 11 o 

Steel pioduced, 4000 lbs. Loss, 5 ‘;;j. Cost . . / 0 7 * 


Cost per short ton (2000 lbs ) = /A 14^- 

Cost per ton {2240 lbs.) ^,5 5^. 7./. 

Cost of Installing Oil-fired Open-bear^h Furnaces. — 'I he cost of installing 
oil-fired furnaces in foundries is not so great as that c)f ordinary op^'n-liearth , 
furnaces w ith gas producers. It is estimated ‘ that for single furnaces between 5 
and 25 tons cajiacity, capacity for ai id-lined luinace.s, and ^250 

per ton cajiacity for basic-lmecl lurnaces, dre average figufes. J bese prices jiei U)n 
capacity include excavating, biirkw’ork, castings, structural matciialf imduding 
stack, but do not include tlie^jtlatform or facilities lor cU'irgmg. A 5-ton basic 
furnace would therefore cost ^,1250 for the above-named items, but an additional 
cost of about >/,8oo would lie entailed for furnace platform, oil storage l.inks, 
pump^, oil piping, burners, etc. 'I be buildings are not imduded. i be prices 
are for normal conditions of site, and would recjuire modification for sj^ccial 
conditions. 

‘ “Iron Age,” Kb. nih, ‘1909, />. 465. 


/* f. // 

2 f» 1 

I • 5 ' 

7 S a 


* “ 'i'bc I’uun'lry,” vol. 30, i>. 179. 
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15-TON OrEN-HKARTU OlL-FIRKD ACID FURNACE 

Description of the Furnace. — In Fig. 214 is shown a sectional olcvation and 
plan of an oil furnace in operation at a Wisconsin steel foundry in Milwaukee, 
Ohio, U.S.7\.‘ It is perhaps one of the most modern furnaces of this type 
used in a steel foundry. Two fuinaces arc installed, one of 5 tons, and the 
other of 15 tons caj)acily. They are of novel design for steel foundry operations, 
both Ijeing made after the ('ampbell tilting furnace type, with ,ppecially arranged 
ui)take 1)0! ts, just as in the larger types of furnaces. 'I'hey are built on the 
Swindell patents. 'I'he sizes of the i^-ton furnace are as follows : — 


Overall length 3 ^' 7 " 

Width 12' o" 

Height 99 ” 

Uptakes (depth) 5 3 ' 

'J'llting hearth (length) .... 2 (S' o"‘ 


There arc three ddors, each 3 feet square, with sills 2 ft. 3 ins. above the 
charging floor. 'The doors are operated h)Mraulically, and the door frames are 
water-cooled. * 

Auxiliary Furnace Plant. — For chaiging the raw materials in the furnace a 
hand charging machine is used, but the pig iron and scrap are brought to the 
charging platform by a 2Uton Pawling & llarnischfeger electric mono-rail 
travelling hoist from the stockyard. 'I'he traveller jiicks up the ])ig iron and 
scrap from their independent stacks and puts them in the charging ‘boxes on the 
cars for removal to the furnace. By this iikwiis, the charging of the furnace is 
greatly facilitated. 

Output of the Furnace. — It is stated that the 15-ton furnace woiking alone 
can produce 100 tons of steel in 24 hours. This equals 6 to 7 heats per double 
shift. Smaller heats of 12 tons and 7 tons take 4 houn and 3J hours respectively. 
Considering the output from the furnace when operated on day shift only (which 
is the most common practice in foundry work), 3 heats per day is a jiossible 
reaximum when the materials aie charged each morning about i a.m. and melted 
•ready, for testing between 6 and 7 a.m. A second heat migfit be leady by i p.m., 
and a third by 6 p.m. 'I'lns, however, would allow no time for refining the charge, 
and only selected pig and siici’i scrap could be used as would produce the 
temper of steel required. At this rate of working, the lining could receive but 
scant repairs between heats, hence more freejuent rebuilding of the furnace would 
be necessary. An illustration is given of a charge melted in hours, consisting 
of the following materials * 

‘ 3000 lbs. of pig iron. 

9280 lbs. of various kinds of scrap. 

. 80 lbs. of ferro-sihcon. 

, 130 lbs. of ferro-rnanganese. 

300 lbs. 'of iron ore. , 

. * 300 lbs. of sand. 

2 lbs. of aluminium. 

The analysis of |he steel obtained from the mixtuie was as follows : — 

C, 0*24% ; Si, o'39% ; Mn, o-8i% ; P, o 049% ; S, 0-033%. 

From the particulars given, both the pig and scrap must have been very free 
from sulphur. 

Assuming,* therefore, Uiat the charges are produced at the rate of 3 heats 
‘ “The Foundry,” Nov, 1911. 
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per day, working continliously for 5 days ]>cr week and 2 heats on Saturdays, 
t week^ly tonnage of 255 tons of Injmd sted possible fioin one 15 ton furnaee. 
Coat of Fiyraace and Plant - 1 he particulais of cost of the Milwaukee plant 
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are not given, but considering the 15-ton furnace plant only, with the necessar) 
equipment such as the following, the approximate cost is estimated at £,10,000. 

1. One tilting furnace of 15-tons capacity with gear and water-cooling 
equipment. 

2. Oil burners and tanks, air compressors and all apparatus and storage 
facilities for tanks. 

3. Charging apparatus for stockyard and furnace. 

4? Crane in casting shop. 

5. Indies, trucks, charger boxes, slag pans and trucks, weighbridge, etc. 

Allowing 15 per cent, of this amount for depreciation and interest, the annual 
charge = 15 per cent, of ^'10,000 = ^1500. 

As the furnace w'ould run for about three months and then be set down for 
about a month for repairs, the yearly campaign of the furnace would be approxi- 
mately 40 weeks. Yearly output therefore - 255 x 40 = 10,200 tons. 

.*. Charge for depreciation and interest per ton of liquid steel 


_ 1 500 X 20 __ 


approx. 3r. 


Working Costs of iho Furnace 

Repairs. — There are small repairs going on all the lime the furnace is in 
operation, such as t)atching the bottom between heats, repairs to brickwork and 
the machinery operating the furnace and its equipment, renewal of hand tools, 
and also the general repairs of the furnace. It is stated that 2C6 heats can be 
obtained from the furnace without general repairs. The roof will stand 800 
heats and the back wall 630 heats without overhauling. 'I'hc total cost of all 
materials for repairs is estimated at 4s. (id. per ton of steel. 

Fuel. — Two oil burners supply the fuel to the furnace under a pressure of 
80 lbs. per square inch. The oil consumption is about 50 gallons per ton of 
liquid steel. Crude oil was purchased in 1911 in Milwaukee at from \d. to i\d. 
per gallon. Since then, the pi ice has increased, 'baking the price at \^d. per 
gallon, the cost of oil jier ton of steel = (is. yi. 

' Coal for boilers supplying steam for air compressor, -also pumps for water 
cooling, and heating ferro-additions = \s. 2d. per ton of steel. 


Labour. — The labour per shift is as follows : — 

s. d. 

One melter 20 0 

One first hand ... 120 

One second hand ... 70 

One cbaiger 80 

One crane man . ■ . 120 

Two pit men (d, y. each 140 

Six labourers handling scrap, pig, sand, ore, etc., 

% 5i-. (id. each 33 ° 

Four labourers removing slag and gent "ally assisting 

at furnace, @ $s. 6^/. each 22 o 

Six night-shift men removing scrap, slag, etc., from 
furnace and charging during early morning, {,u> yy. 

each 420 

Chemist (equivalent) 18 o 

, Total wages 188 o per shift. 


, t88 

/. Cost of labour per ton of steel = -- = 4^- 2^/. approx. 
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The labour for repaiA, including the partial services of raen at boilers, air 
liieompressor, grinding mill, and general repairs to tools, plant, etc., is csliinaled 
at ir, ^d, per ton of steel. 

Total cost of labour (operating and repairs) - $s. ^d. jx'r Ion. 

Raw Materials. — Allowing fora lo per cent, loss in the materials charged, 
and an average price of 651. for the pig iron and scrap used, the cost of materials 
per ton of liquid steel, including for fluxes and additions, is aj^proximalely, 
12s, 6 d. It is,assumed that the additions arip heated and added to the*bath 
in a solid form. Sometimes the ferro manganese is added to tlie casting ladle, 
when the amount is not considerable and is likely to melt ciuickly. 

General Expenses and Office Charges. * riiis ch.uge is f.iken at a nominal 
figure of i^. f)d. per ton of steel, as it must vary according to anangement of 
plant and management. 


Summary of Costs 

Per ton of liquid steel for the production of 25:; lonj of steel weekly from 
i5*ton acid 0{>c‘n-hearlh lilting furnace^ , 

Cost of furnace and pl.yit (estim.Utd), X m,ooo 


/: 'A 

Depreciation and interest o o 

Rejiairs (materials only) . . . 046 

Fuel (oil) 063 

,, ^coal) 012 

Labour (operating and repairs) o 15 

Raw materials .... * 3126 

General expenses and office charges (share) . . 019 

Total cost per ton of Inpiid steel . . . . 14 7 



CHAPTER XXXV 


TIIK TALBOT COMIWOUS PROCESS 


1 jiK "I’alhot continuous process of steel making was introduced by Mr. Benjamin 
'Talbot at Tuicoyd, J‘ennsyl\ania, over 13 years ago, and in tins (ountry at tbe 
I'rodingham Iron and oteel ('o/s woiks in i()02. Since then it has been adopted 
in many steelworks in ditlerenl countries. 'Table 1 . XXXVIII (on p 390) gives 
a list of furnares in operation and being built, with the ap[)roxiinale analyses ol 
the jiig iron used in th(* furnaces. 

'The 'Talbot process is essentially a rapid converting basic open-hearth 
proc(>ss, in which molten phosphoric pig iron is used instead of cold ])ig and 
scrap. 'The first charge consists of a very liberal i»roportion of mild steel scrap, 
which IS gradually melted from the cold state. Likewise are the charges after 
each furnace run, which may he at the e*.id of one or several weeks. It is 
advisable to completely empty the furnace as seldom as jiossihle, foi the sake of 
maintaining a good output and kee|)ing the tai)ping temperature at the uniform 
heat re<|uired. In practice, the furnace is now rarely com[)lelely emptied, a 
certain amount of metal being kept in over the week-ends. 

Highei iiercentages of iron oxides, such as mill si ale and iron ore, can he 
used in this pro< ess than in the ordinary pig and ore ])rocess, because of the use 
.of Iluid iion chaiges, c onscapienlly a better yield of finislu'd steel is obtained by 
the I'ediK lion of iron from the Ihiid slag. 'The use of lime and iron oxide for 
the removal of imjaiiilies from the charge are as necessary in this method of 
manufaduie as in the ordinary basic open-hearth furnace, hut with the tilting 
furnace the slags which are formcal can he innired off whenever desired. In 
jiiactice, a large pail of the slag is poured off sometime before the finishing of 
the heat, and a new slag made by suitable lime and oxide additions. 'I'his new 
slag IS not, poured off when the furnace is lapped, as it is eomi)arati\(dy puie, 
and is lairied forwatd to help to j»urify the next heat. 'This cairymg foiwaid of 
a good slag is one of the advantages of the 'Talbot Jhocess. 

'Lire ]>ropoition of the charge ])Oured into the casting ladle at one lime varies 
accoidmg to requirements and cir( umslances. At the works of Messis. Jones 
and Laiighlm, Bitlshurg, 50 tons of steel aie la' en at a time from the 200-lon 
furnaces, and So tons from the 250-lon finnaces. Wheie furnaces ot smaller 
caiiacity an- seiving elecliic furnaces, smaller j)ropoitions of the total thaige may 
he taken, such as 5 tons from a 50 ton furnace. 

'J'he ease with which the piocess can he conducted admits of sutlu lent 
ilexihility to allow of .Ms wide aj)])licalion in steel manufai lure. 

Description of the Furnace.- 'The 'Talbot piocess can he cained out in 
tilting furnaces such as au' shown m Lig. 215, and whuh differ only in a few' 
vital details* from the oiigmal ('amphell and \\'ellman furnaces. 'The body of 
the furnace (consisting of a steel 01 iron built -iq) frame lined with refractory 
material), is mounted u])on rolleis which move m ciiculai tracks securely boiled 
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to foundations. 'I'lie body is lilted without disturbing die relation of tlie port ^ 
in it with those in the fixed ports of the furnace. '1 he tilting is ])crfornKd h\ 
means of an ele< trie motor through suitable gearing, see log. 216, which gut , 
absolute control over the furnace. 'I'he furnai,e can he liked hoth \\a)s, so tfuu 
slag can be taken from either side as desired. Other methods of tilting are abi) 
adopted, such as ]i)ilraulic cylinders and rams, as ‘>hown in log. 217, and tlusc 
are in general use in I'ingland, but many prefer the electric instead of tla 
hydiauhe tipj)ing gear l>y tlie use of the former, the inconvenience (jf fro/ui 
piprs in winter is eliminated ^"'I'lie furnace doois are also raised by elea lri< 
motors, ea('h door having its own motdr, which operates, through ]»inion and 
worm g('ai, the (rook for lifting ihc' door, Ilydiaulically operated doors arr 
also em[)loyed. 

Regenerators 'I he legeneratois aie placed at each side of the furnace and 
helow the j)latloim. 'I‘h(“ gas and air flues from tin regem ratois terminate in a 
movable poit, which conveys the gas and an to the furnace. I here is nothing 
special in the constiucium or position of the regeiu talors, a^the regenerators in 
all modern open health fixcal furnaces aie usually ananged in a similai maniiei 
'There is, however, a (lisliiK'l h aliiig m tlie inovahle })orls, wlmh is a consider- 
ahle iinpioveineiit upon ihosi' used in the eailiei de'^igns of tilting fuinaeas. 
'J'he jeunt between the- uptake flue anel the ineevalile pent is waler-e ooleel and 
wale t-sesdeel, pieveiilmg any (‘scape eef gas wlu'ii a lalend moNemeiil of the [)ort 
is oe'e'asioned by tilling the Ini nace. 

Kegarding the si/e-s e>f legeiuTators m relation to the furnace hearth rapacity, 
It IS stated ‘ that the* 'Talheil jiroi e ss e an he e lie k nlly eonelue ted tti a furnai e; e)f 
175 teens e'aieacity with regeme-iateers, \ dves, slae'k, etc., of the same si/es as aie 
used in a modern ho-ton eepen lu-arth fixcM fuinaee, and in some case-s the 
rege ne'ratois .iie even smallc'r than m the see-ealleel eer 60 ton furnae es. 

Fuel used in Talbot Furnaces. 'The ap[)lieation of an) gas or iKpiid fuel is 
just as sim[)ly efte'e'(e‘el with the tilling fuinaee as with the fixed fiirnae'e Mam 
ol the* modem furnace s huilt m Ameiica are airamje'd for tlu‘ use of natural gas 
or eeil, in aelelilion to oidmaiy preeeliu e 1 gas It is foiiiul moie ceemeemieal to 
use naluial g.is in ^ome‘ distruts than to ge_iu'iate leieeduea r gas. Oil pipe s and 
'.latiiral gas jeipes aie tamed tee the |ee)iis eef the linnaees vu such a mamie i that 
\vlu‘r the y are out eil use no mcemveniene e is ex|)eneiu'ed 

Lining the Furnace — 'The lining of ilu- 'I'alleol furnace diffeis onl) in (k tail 
from the basic lining feir fixe'd ‘lum.ie'cs. 'The heUleMU is huill eet hasie* makiials, 
anel the sides above* the deior sills anel the rool ate* e)i silu'a hriek. On the 
tajipmg side, howevet, the magnesite hrieks exte-nd ne*ail\ up to the sjumg of 
the rool. 'The de[)th of the hath is greater than that of the* oidinaiy fixed 
furnae e 

Operation of the Furnace - 'The surcessful eiperatieen of the 'Talbot fmnace 
de])ends to a laige* (*xtenl ii[)on the* managemenl eil the skigs and the* metal in the 
fuinaee piioi tee the avlditmiis of fliml jug iiem. \\’lu*n fioin a lumaec ol, say, 
200 tons e ajiaeily, 50 leins of low* caihon steel has be en taj)pe“d, the tiirnae'c is 
tikeel hae k into Us uoimal jidsitieui and aelelit''e)ns are made by the electric 
cha-gcr of o\u](*s (such as ore or mill scale) and lime, amemnling tei about 
5 tons and 1 tons resjieeluely. 'i'hese aeldilions are* alk)wed te) melt and 
heceemc ahsoihed m the existing slags. While this is taking jelace, rejiairs to the 
slag line e)f the fmnace arc carried out, after which about 25 tons of j)ig iron 
are taken in a ladle direct from the mixer ley an overhead electric cram* and 
j^ouied slowly inte) the furnace Immediately the metal enters the ba'h a violent 
reaction enscies hetw’cen the* inijunities in the |)ig iron and the highly oxidised 
slags The carbon is very lajiidly elvmnated from the metal in the form of CO, 

‘ lion Age,” \ul 77, p 1070 
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are absori)e(l in a b^ilh of 90 |xt cent, of pure metal. 'I'lic following aic 
analyses of some of the pig irons used in the I albot furnace 


Jones and Laughlin ‘ 
Frodinghain Iron and | 
Steel Co.' j 

Cargo Fli ei 


Si 

10 to 

o 75 to i-JS 'o 


Mn V S 

o'O:; o 1 o 

r75 to j o"„ o 06'',', 
O S",, T 5 '‘.> o oS to O’l 


Some gradesof iron react more violently U»an others when they are ^>oured 
into the bath of dee.uhurised im tal 0 good white h.^^'ie iron is not so \iolent 


as an iron with high silicon eoninit, 01 \cry grey non. ' 

Rate of Oxidation of Impurities (ftiring the Rea'ctfons. I'lns is sliown 
clearly from lire details oi (liaigis \os i2/)7; and 12,007 made in the 200 ton 
Talbot furnace' at the works ol Messrs. Joins .md Laughlin * Keleinng to om* 
action only m charge 12,^77, tlu' amount of taibon gi\eii ol) is \ety wr'll 
illustrated. '1 o tjie luinaci' containing 322,^00 Ihs ol niel.il wiie added it>,.Soo 
lbs. scale at ii 13 a.m. and 3225 lbs ol hnu at 113) am \t 12 s )> ni. thi' 
an.il)sisof the bath gave the lollowing < .iilion, oo'^ pei cent , I'liosplioius, 
0009 [)cr cent Live minutes l.itit, .p),ot)0 lbs ol iluid imn wt o I'oiind into 
the liirnac(', raising tlx' peifoitage nl (.irbon ol tlie entire m< t.il to o‘!^5 
'I'lie anal) SIS of the' add<'d mel.il was as follows ( .ubon, } o pt 1 1 1 nl , siln on, 
0*9 j)er ( ent.; phosphorus, o'lo per cent ; sulphur, o'uti p( 1 » I'lit. .\l 12.17 
pm., that IS 7 minutes alter the nutal was .uUkd, the i.irhon in llu whole bath 
was ri'duced to o n pe-i < ('iit In other words about joo lbs ol c.irhon was 
converted idlo combustible gases in 7 minutes, resulting in a \er) coiisuk iable 


generation of heat. |)uring this,j>eriod tlie rin tal in the bath was in a veiy 
violent state of ebullition, but calmed down alterwards, wlun the rate ol 


oxidation of the carlion and other e'lements went on more slowly More oxide 


and bine were added, and another lbs ol Hind metal iiouied m, with an 

attendant re()('tition ol tlie same ( baia< tr risln s as belore, allbniigb with less 
violence. Liiially at 35 p m., tlu anal)sis of tlu' bath luloie l.ij»ping was.*-- 
carbon, 0*26 jici cent . |)hosphorus, 0023 per cent. I'be total lime taken 
during the heal was 3 houis 57 minutes, lioni the commeiu um nl ol (barging to 
the moment of ta])])ing * 

Reduction of Iron from the Slag. -- 1 hiring the whole bheiaiion ol ilu'^ aibon 
in thcieaction exjiressed by the iormula ^ 


Le,(), -f jC ^ tCO 4 - 3Le 


tlu' oxide of iron in the slag is rediu ed to sw< 11 the nu tal m the < barge. 'This 
is one of the special features of the j)ro( ( ss Kr It-ning to the ( baigi No 12,677 
mentioned above, the anal) sis of the slag ?ll 12 15 p.m gave 317.; j>^r rent, ot 
iron and 12-20 jx;r rent of silica ; at 3.5 j).m. just before tajiping ibe charge 
the slag contained 9-06 per ('ent. of iron, 2.^4 per e<.nt sili(a,an(l 10-90 p( i 
cent. lime. It is not stand bow- imulrslag was poim-d oil (lurmg llu jx-r^od, 
but W'hatever the* amount it would be lu'ur m iron than llial pi',S(^nt in the 
remaining slag, so that adc^tions of iron foTin the sl^ig to tlu bath aie not 
truly rejircsented by the analyses gi\i n. 1-rom moie re( « nt ja.u tu e, it iw usual 
to obtain from 107 to loH jxr cent, of the metal eliargi d, as a r( suit of tfie yield 
of iron from llie oxkIc in the slags. 'Lhe slags juiured olt,<oiilain from (; l(j 12 
per cent, of iron m the form of ferrous o.xide. 'I bis slag is ixaelually liee from 
metallic iron. 


' “ J<^*uriial fion .and .StuI Institute.,” 190J. I, p 59. 

' //>uL, p 63 * • 

' “Journal West of .Scotl.rnd Iron and Swcl Iioiiiut^," \'d xui, pp. 75 S2. 
* “journal lion and Steel Institute, ’^1903, I, i>p. 72, 73 
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Chemical Changes in the Charge— In Table XC,^'the actual details of 
materials used for one charge and the time taken during the process, as well 
as the analyses of the metal and slags at different [)eriods, illustrate clearly the 
rapidity of the process and the chemical changes which take place. 


Talbot Process. Cost of Steel in Ladle 

Ouiput of Furnace. — With a .lOo-ton furnace and equipment, an average of 
from 1200 to 1400 tons of steel can he produced weekly for 45 weeks during 
the year. If non-phosphoric [)ig iron he used, an output of 1300 to 1500 tons 
per week is obtained."* Although a furnace of the above capacity will produce 
irom 1200 to 1500 tons weekly, the lower figure is taken for estimating the cost 
of production, and on this basis the annual output will therefore he 1200 x 45 
= 54,000 tons of steel. 

Cost of Furnace and Equipment. — With reference to the c^ost of furnace and 
equipment for working the 'lalhot continuous process, Mr. dalbot stated' that 
the capital cost per tor capacity for his furnace would be probably less on a 
large plant, and in any case would not he -.More than for, say, a modern 50 ton 
American fixed open-hearth furnace plant. As it would require two 50-ton fixed 
furnaces at a total c(tuq)ment cost of ^,47,700 (see ('hapter XXXIII, p. 366), to 
produce 1200 tons of steel per week, the cost of one 200-ton 'I'albot lurnace 
with equipment would be, accoiding to Mr. Talbot's estimate, approximately 
;,r47,7oo.'* This figure is, of course, subject to variation according to the local 
and other conditions of site, but is taken as a basis of calculation. 

'baking 10 ])er cent, for depreciation and per cent, for interest on capital, 
the annual chaige = 15 per cent, of /,47)7oo = ^ 7155 - 

Cliarge for depreciation and interest per ton of liquid steel 

54,000 

Cost of Repairs. — The cost of repairs to a Talbot furnace can only be taken 
approximately, as it varies accoiding to the working of the furnace. Since Mr. 
Martin gave the cost as 58-3 cents. (29*15^/.) per ton of ^teel melted,^ much 
experience has been gained in operating the furnaces. As much as 43)Oc>o tons 
of steel have been obtained froin a 200-ton 'I'albot furnace before being put out 
of commission for repairs. 'The rapidity also with \\hich the repairs are now 
effected differs from the slower methods in vogue several years ago. If, for 
instance, the furnace roof falls in while the metal is in the bath, the whole is 
allowed to cool (metal included), and a gang of 30 to 40 bricklayers is set on 
the job, pulling down walls and ports, and rebuilding - the whole being carried 
out in a few days. 'I'he furnace is then gradually heated, and the solid metal 
melted. 

• Approximately, the cost of repairs may be set down at 2^. per ton of steel in 
the ladle. j 

Cost of Fuel. — Mr;.G. A. Wilson has stated'^ (uat not more than from 5 to 6 
cwts. of coal per ton of ingots were required at the Cargo Fleet plant in working 
the 175-ton Talbot furnace. 'The gas was produced in Talbot producers. Figures 
recently obtained of coal consumption in American practice with the 'I'albot 
process show a consumption of 480 to 500 lbs. of coal per ton of steel produced. 

* “ Sl.ihl und V’isen,” vol. xxx, p. 61. 

* “ louinal West of Scotland Iron .and Steel Iivslitute,” vol. xiii, pp. 90-9S. 

* 'I his’docs not includ‘‘ cost of mixer. 

* “ lournal Iron and Steel Institute,” i^ 3 » b P* 75 - 

» “Journal West of ScotKand Iron and Sled Institute,” vol. xiii, pp. 75“S2. 
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Hughes producers were being used for the production o( gas. Taking coal at 
lOJ. per ton (although in some districts it can be purchased two or three shillings 
below this figure), the cost of fuel per ton of steel in ladle = 2s. 3^. approximately. 
Oil fuel and natural gas are used where they can be obtained at a lower cost than 
coal. 

Cost of Labour.— With a thoroughly equipped plant for handling raw matenals 
rapidly, no more men are required to operate a 200-ton Talbot furnace than are 
require'd for a modern open-hearth fixed furnace of 50 to 60 tops capacity, using 
partly liquid chaiges, and as the output o^the former is considerably greater, the 
cost of labour per ton is much less. The following men are included in the wages 
bill for the double shift, the rates being American 


2 meltcrs @ 20s. each per day 

2 second hands @ 14^. each per day .... 

4 third hands @ gs, each per day 

2 charging machinists (w) 10s. each j)er day . . 

4 helpers at @ 6 s, each per day 

4 casting-pit men @ 12s, eaV^h per 'day • • • 

4 crane men at 12^. each ixir day . . ' • • • 

2 gas makers (a) 8 j. each |)er day 

8 heli)ers (handling coal and ashes) @ 6x. each per 

day * ' ’ ■ 

2 loco, ladle men (taking metal fiom mixers) 8r. 

each per day 

2 mixer men 143*. each per day < . . . . 

4 helpers @ "js, 6^/. each i)er day 

2 ladle men 8i. each per day ..... 

2 pourers @ 1 2S. each per day . . . . • 

12 labourers (handling scrap, ore, lime, limestone, 
fluorspar, etc.) 5^. 6 </. each per day . , 

2 loco, men removing slag (<») 8i. each per day 
8 helpers («) ^s. 6 d. each i)er day .... 

2 chemists @ each per day 


L -f. 
2 o 

I 8 

d 

I 0 

1 4 

2 8 

2 8 

o 16 


d. 

o 

o 


8 o 


16' 

8 

10 

16 

4 

6 

16 

4 
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Total wages per sl^ift of 24 hours 


^'29 8 


Cost of labour per ton of steel = = 2J. approxi- 

mately. 

There are other expenses of labour, such as electrician, firemen at boilers, 
weighbridgemen, storemen, etc., which are not included in the above, ut wou 
add a little more, making, say, 3^. as the cost ])er ton. 

' Cost Raw Materials.— The following figures are taken for the materials 

charged into the furnace : — ' 

Pig iron • 5or. perton 

Mill scale and iron ore @ 2 or. „ 

Lime ioj. ,1 

Ferro-manganese . @ 2003". ,, 

The raw materials used to produce 100 tons of steel in the ladle are 
approximately : — 
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• £ s. d. 

95 tons of pig irpn . . 50^. = 237 10 o 

25 ji )» Ill'll . . («' 2os\ = 25 o o 

6 „ ,, lime . . . («> lox. = 300 

J ton ,, ferro-manganesc loos. ==500 
# — 

Cost of raw materials . . . /'270 10 o 

A Cost of raw fiiatcrials per ton of steel produced - ap[)r()\imalely £2 i4»-. 
No allowance is made for aluminiidn or ferro silicon fur “killing” tiu' metal, 
and no deductions are made from the abave cost for the value of the slag sold 
as manure. 


Summary of Costs. 

Per ton of liqi;id steel produced in 20o ton tilting furnace working on the 
Talbot process. 

Cost of plant, ^^47,700. ^ * 

* 

Depreciation and iiU(^est o 2 S 


Repairs 020 

Fuel 023 

Labour *. 030 

Management e.\[>enscs 016 

Raw materials 2 14 o 


Total cost per ton of liquid steel . . . ^'3 5 5 

The opeialing costs are very low compaied with other furnaces of large 
output. 



CHAPTER XXXVI 


COMPOSITION OF CHARGES EMPLOYED AND ANALYSES AND 
USES OF STEEL PRODUCED IN THE OPENHIEARTH PROCESS. 


The materials used in the open-hearth furnace include pig iron, scrap iron, 
scrap steel, ore, scale, carbon, lime, limestone, fluorspar and other fluxes, spiegel 
and other ferro-alloys. • lioth solid and liquid pig iron are used, but the scrap 
steel and iron are added in the solid-state. '‘The proportions of pig iron to scrap 
differ according to the method of melting and ref.ning employed. 'I’lic amount 
of ore and scale used depends upon the oxidation required. Fluxes of limestone, 
lime, fluorspar, and metalliferous slags are used according to the amount of 
cleaning necessary in the metals, and in both the acid and basic processes the 
removal of impurities proceeds on much the same lines. The analyses of the 
pig irons and scrap used are limited only by the kind of furnace lining employed, 
phosphoric pig iron and sera]) being melted in the basic-lined furnace. Steel 
scrap or wrought iron cannot be used alone, as there are insufficient reducing 
elements in them to promote oxidation by the action of the gases in the furnace. 

Pig Irons. — In the section on pig irons, p. 14, Table X, are given analyses 
of pig irons suitable for the acid open-hearth process, which may be taken as 
typical, many varieties of pig iron being used. It is, however, necessary, 
in using any brand of ])ig iron, to see that both phosphorus and sulphur arc 
present in very small jiroportions only, as their removal in the acid process is 
possible only to a limited extent, and even then with difllculty. In the pig 
irons referred to in Table X, the ])hosphorus and sulphur vary from o‘02 to o’o6 
per cent, and 0*013 0*05 per, cent, respectively; but sometimes pig irons are 

used which contain higher percentages of these elements, and in such cases it is 
usual to mix better brands with the poorer qualities, and to see that the amount 
of phos[)horus and sulphur in the scrjip are within reasonable limits. 

With regard to the pig irons >'sed in the basic open-hearth process, the 
silicon and sulphur (particularly the latter element), should be as low as possible. 
In the list of pig irons given in Table IX, p. 13, is to be found a fairly typical set 
of analyses, although the analyses of basic pig irons used in the basic open-heaith 
j)rocess are perhaps more varied than those of any other class of pig irons. 

Scrap. — All kinds of scrap, steel and wrought iron arc used in the open- 
hearth processes, and v^uite a large trade is earned on in selling bundled and 
compressed light steel ])late, hoops, steel turnings, and other miscellaneous 
kinds of scrap for rcmelting in the open hearth furnace. It is in the use of 
miscellaneous scrap *of this kind that sometimes troublesome material, such as 
tinned and coppered sheet iron, or other injurious scrap materials, find tiieir 
way into the furnace. Before merchants bundle and compress scrap, an exami- 
nation is made, as a rule, and objectionable sciap is removed. Light scrap, 
unbundled, is' also used very largely, and consists of all kinds of wrought iron 
and steel jilate cioppings, punchings, and scrap of all sorts, sometimes very dirty, 
and containing undesirable materials. Larger scrap, such as billet ends, old 
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rails, heads from casting, steel works and foundry scrap, miscellaneous old steel 
casting's, ingot moulds, and specially selected scrap, find their way into the open- 
hearth furnace, the medium-si A.‘d scrap henng more reliable as a rule. Very 
heavy scrap, in the form of old steel castings, several Ions in \n eight, is chaiged 
into furnaces ^\herc the tops can he removed; but this kind of scrap is undesir- 
able for rapid melting. • 

Proportion of Pig Iron and Steel Scrap.— 'Ihere is no fixed lule as to 
the proportion of pig iron and steel scrap which should be used m the^vjien- 
hearth [irocess. 'ftiese are determined very lartfely by the prices ot tlu' pig non 
and scrap in the locality, and by the fhixlure used m nu'liing, i t. wheltu i the 
charge consists almost entirely of pig ironiind scrap, or wheUiei jug iron aiul ort* 
are m excess of scrap steel. In some districts sc rap steel is ( lieapei than pig 
iron, hence it is used more abundantly. 'The price of sera}), howevei, thietiiates 
considerably. Carl Dichmann,' m relLriing to the jug and sera}) jirocess m the 
basic 0})en-liearth furnace, states that in tlu- real ])iiicly jug and strap jirocess it 
is sought so to regitlate the <}iiantity ol the rediit mg agents whu li arc- added to 
the charge in the form of ])ig non that they contain i-\aclly the b.ilanee for the 
oxidising action of tlu- tlame, and the cinplpyrncnt of Infge (piantities ot ou- is 
not re(|msite. If this has been \jell adjustc^d, the conditions for the: best woiking 
results have been creatc’d. 

'I'his piiiuijile was Hie main feature of the Martin jirocess, whic h, as is well 
known, consists in adding addilioijs of sciap stec-I to jug iron ])tc'viously nu-llcd 
in the oj)en-heailh furnace, until a balance ot elements |)rodu( ed the stec 1 icMimred 
through the ivarlial oxidation of tlu- imi)unties in the c:ombinc cl metal. 

('harges consisting of j)ig iron and scraj) to lullil ajijiroximalely the above 
conditions nec'essitatc- the c-areful ^elc-c lion of s« raj) ; but the time- reipiirc-d to 
produce each heat is reduced very considerably, and for many c lassc s ol stc-c-l 
the results are entirely satisfacioiy. In this rcamtiyand in Ameru a |»ig iron, 
scraj), and ore charges are more geneially usc-d than jug iron and s( laj) stc-el 
charges only. 'I'he most cbmmon jirojiortions of matc iials used in the ordin.iiy 
pig iron, scrap, and ore pioeess are 25 to 35 ju-r cu. nt of jug iron and 75 to 65 
per cent, of scraj) steel, with just sullieu-nt ore or mill scale to jirodtice the 
oxidation re^juired, • • s 

Uses of Open-hearth Steel With the excc'j)lion of steel foi the ma'iufac-< 
ture of which the crucible furnace and j)erha|)s small sin fa< e-blow n bessi nicr 
conveiters only arc aclaj)led, tlu: Ojien hearth l^rnace is c ai)able of juodiu mg 
steel for all classes of work where cast, forged, and rolled steel are reijuirc-d. 
Some claim that steel for small, intricate castings, sucli as were formerly made- 
exclusively by the crucible jirocc-ss, can lie made wulh ecjiial tluidily in small 
open-hearth furnaces. For green and dry s.'i^id castings, sueli as art*rlas^sificd m 
Chapter XXIII (“ Materials used in Small Bessemer Converters ”), 1 able F.XII, 
there is no cjiiestion that most of the lighter castings, if not all, c an be jiroduccd 
from steel made in small Siemens furnaces, where high heats aie cihlamal)!*;. 
Heavier castings of all sizes and weights at i)resent used for industrial •and engi- 
neering concerns can be maie also from sled"! manufactured in oj)c n hearth 
furnaces. • 

The grades of steel given and the analyses of tlu; materials usc-d in tin: east- 
ings referred to in Chajiter XXI 11 are also applicable to ojx^i-hc-arth steel. 

'Fhe open-hearth furnace is not, however, limited to the i)rodu( tion of steel 
for castings. Ingots for shij) and boiler [)lates, rails, girders and steel sections, 
wire, tubes, as well as heavier work such as armour ])lates, gun lulus and forg- 
ings, marine crank and tad shafts, and' many other jiurjioses, forw a very large 
proj)ortion of the world’s outjiut of ojien Uearlh steel. ' In 'I’abk- X(T are given 
‘ Dichmann, “ 1 lie Basic Oju^n hemrih Steel I’rcKCSs,” p 2,]8 
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Analyses and Mechan 


Purpose for which steel is required. 


2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 
>3 
14 

•15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 


Acid or Basic. 


Railway rails — 

(Bull head) .... 

(Flat bottom). . . . 

Railway rails .... 

Railway rails .... 

„ (Sandberg process) 

,, (Manganese steel) 

,, (Titanium steel) . 
Tramway rails .... 

Loco crank axles . 

Axles and shafts . . 

Railway tyres .... 

»» >» .... 
Tramway tyres .... 
Railw.iy wheels, forged or 
rolled carbon steel 
Railway wheels, forged or 
rollcu carbon steel 
Wagon draw hooks . 

Bars for — 

Laminated springs , 

Volute and spiral si)rings 
Laminated springs . 

Volute and spiral springs 
Spring steel (high silicon) 
Structural steel . . . 

Eye bars for bridges’ . 
Structural nickel steel— 

Rivets . .1 . . • 

I 

Plates and shapes 
Bars and rollers (unanneakd) 
Bars and pins (annealed) 

Piston rods and connecting rods 

I 

Steel shafts (large) . . . • 

Gun forgings 

Tube steel 

Billets for wire rope , . • 

Boiler firebox steel . . . . 

Tinplate bars n . . . • • 

Stamping steel* . . . • 


Acid or Basic 


Acid or Basic 
Acid 

Acid 

Acid 
• Basic 
Acid 

Acid 

Basic 

\cid or Ik sic 


An»I)sis 


Acid 

Basic 


Acid or Basic 
Basic 


o- 35^‘50 

0*35 0-50 
o 46-075 

07 -o'8 

0*65 min, 

ro min. 

075 0-9 
0-4 055 

o'25-o*32 

0'6 max. 

0*56 060 
06 -97 
0 65-075 
o'6 -0 8 

o 65-0-85 

0-15-0-25 

0-45-0-7 
0-7 -ro 
0-55 0-8 

0-8 -1-3 
0-7 

0*25 

o 25 

o 3 max. 
0-45 max 


026-0-34 

0-3 

0-3 

o-i -o-i6 

0-65-0-75 

0-12-0-25 

6*12 

0*1 


Si 

% 

Mn 

% 

p 

% 

O'l max. 

0-7 -ro 

o'o75 max. 

o'l max, 

0-2 max. 

p c^ 

*7 

b 0 

0'07 max. 
0-04 max. 

0-05 o'2 

0 8 max. 

0 03 max. 

0 2 -o'4 

,0-9 max. 

o-c6 max. 

- 

li'o -14-0 

0-1 max. j 

1 

? O'l max. 

o'7 -ro 

o'c8 max. 

0-2 max.' 

I '0 max. 

0 035 max. 

- 

0'4 -O'S 

0'05 max 

0'2 

0 25 max. 

0'2 

o'I 5 -o ‘35 1 

0-75 

07 

09 -ri 
0 - 55 - 0-8 

0-028 

0*05 max. 

0-05 max 


o-i -0*3 

o-oS max. 
Q-io max. 
0‘12 max. 


ri?7 

002 


0*55 o 8 
0-5 -ro 
1 '0 max. 
o’H max 


0-325 

0-5 


0*32 


o 05 max. 
o 08 max. 
o 06 max. 

0 035 max. 

0-04 
o 02 


0-15 max. 

O' I 
o'l 

O 00 |- 0 ' 0 I 2 


0-037 


I Acid o 05 max. 
O 7 max. k j„ax 


0*6 -o 8 

0-65 0-70 
0-5 0-8 
o 43-0-46 


0-3 -o'S 


0-412 

o '33 


0'05 max. 

0-028 
0-03 
o 012 

0-025 

Acid o‘04 max 
Hasic 0-035 max 

0-047 

0007 




* Bars hardened and annealed. 
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» 

• 

• 



fc ■■ 


Me<)ianica) tests. 

1 

1 




1 enarity 

LUsttc limit 

1 

•. 1 

liciliiction 

Ki in irLs. 

s 


'Ions per 

Tons per 

Klongatioo.^ j 

of iircA 


% 


iq m. 

&q. in. 


** 

^ 


♦ 



• j 



o‘o 8 max. 


38 45 



1 5”' on 2 " 

__ 

l-'nj^iiu'ctm^ Statul.inK Com- 



• 


• mitifc S|tcntuMtion( 1 1^)4). 

0'07 max. 



40-48 

_ 

I on 2” 

■ 


I>ilto (|(105) 





— 


— 

,\nu-ruan .S<>ut ly for IVsting 





1 


Mate-rials ( lOv ')«;)• 

- 

- 

-- 




Pe-nnsylv.inia Kailv\n\ Speci- 
fication ( I()oS). 

0*07 max. 

• 

- 

— 

— 


Kails in use- liy U ndi rgroiind 
Railways, 1 ondon, 





— 

— 9 

Intel lH>roiii;h K.i| ul Transit 




• 

• 


Co., New Voik. 

— 

0*1 % I'l 

— 

• 

— 

- 

I' ligiiK eruif^ St mdanls ( 'oni- 

o‘o8 max. 

__ 

40 min. 


12 , on 2" 


mitli-e Spei ilieation( I903). 

0*035 max 

As 002 %max. 

28 32 

50 ,of trn- 

25"' on 3" 

15 

Indian slate K.ulwa)s Sjx ei- 


Mlomin 



- lu.uion. 

0*05 max. 

— 

38 

22 

22% on 2” 

45 

.Vnuiu .mSoe lelyfeir Testing 
M.ileri ils. 

0*03 


5^-55 

— 

14 18% on 2" 

20 

Test on \' li ke rs st(‘el. 






— 

_ 

\mciu an pi.ie lice. 




54 


8% on 2” 


A met u. an Sock ly for Testing 

0*05 max. 










Materials (1912). 

0*05 max. 

- 

— 


- 

— 

Ditto. 

0*08 max. 



• 


— 


(Ireat Western Railway 







.SlHLllK alloll. 

0'o6 max. 

“N* — 

45-50 



— 

1 )|tlo. 

Ditto. ^ 

It 

0 035 max. 

As 0 02 max. 

• 


— 

— 

Indian Slate RailwaybSpcci- 
liiMlion • 

,, 

,, 

- 

- 

— 

— 

1 )itto. 

0*04 


30 

— 

23% on 8" 

- 

1' nghsli practice. 


I Ni 1*45 1 






003s 

{ Cr 1*2 > 

43'2 

362 

29’ 1 5% on 12" 

52-1 

Ameiic.m practice. 

0*04 max. 

1 V 017 ) 
Ni y25 min. 

31-2-357 

20' I min 

•- 

40 min. 

Amerif anSo( n i) for Testing 
Mac rials (i 5 i 2 ). • 

,, 

! 

39 - 44-6 

22*3 mm. 

— 

25 mm. 

Ditto. 


i 

42 4 49 ’* 

24*5 min. 

, - 


1 )i(fo. 

11 

' ,, 

402 47 

23 2 mm. 

— 

35 

Ditto. • 

0*05 max. 

( Aso'os n ax.) 
\Cu 0 10 m.ix j 


• 

— • 


Hrilish Ad^iiralty Specifi- 
cation. 

0*026 



31 

15H 

30 % on 2 " 

40 44 

1 csis on Vickers !^*cl. 

0*03 

0*02 

- 

40 

24 

20% on 2" 

- 

Ditto. 

^'c-sts on Stewarts and 
Lloyds stc( 1 . 

0*025 

~ 

— 

— 

__ 

• 

WclsM practice. 

0*04 max. 

Cu 0*05 max 

23*2-27 7 

0 5 of tensile 

— 

— 

American Society for Testing 
Materials (1912). 

0*017 

0*019 

Ti 0*21 

20 

i6'5 

40% on 8” 

L 

Welsh practice. 

American practice. 

p. 82 ; 7, “ 
and 69 ; 31 

Journal Iron and Steel Instit^e,” 1911, I, p. 653 ; il, “Journal Iron and Steel Institute, 

, “Journal West of Scotland Iron and Steel Institute,” vol. 11 , p. 58. 



404 LIQUID s'tE^L . 

the chemical analyses and mechanical tests of some classes of steel made by the 
basic and acid open-hearth process. _ * j • 

Typical Charges and Analyses of Materials used in the Acip and Basic 
Open-hearth Furnaces.— The following charges of materials for British, American, 
and German open-hearth steel, are indicative of what is used for the purposes 
named against each charge, but are subject to considerable variation in different 
works in each of the countries named. 


Charge i . — Acid Pig and Scrap Process 
Steel for Bridge construction.^ 


Materials 


used in charge — 


rig iron (cold) 

Scrap steel (sheet) . . . 3i „ 

Scrap steel 3 i » 

Iron ore • • i ton 

Ferro-manganese (40 % Mn). 3^0 lbs. 


Materials 

charged 

solid 


Analysis of Charor at 


Diifi krnt Tfriods during the Heat 


Tune s.»niplc t.-iken. 


Average of charge 

7 hours after chaiging 

9 hours after charging and after addition ofoies . 
Aftci additions of FeMn 


c 

Si 

Mn 

P 

5 

Cu 

% 

% 

"0 

7 o 

% 1 

% 

i ‘3 

077 

1-28 

o'oS 

0-05 

O-II 

0-8 

035 

0’20 



— 

0*07 

O-OI 

'I'lace 

— 

— 

— 

o'i8 

004 

q 

C 

o-o8 

0-05 

O'll 


( Charge 2 . — The following^ is an average charge out of^io consecutive heats 
<of o-fco pel cent, carbon steel made by the Carbon Steel Co., Pittsburg. 

Acuh-Pig and On Pioccss 


Materials used in charge— 

Pig iron (carrying 1-4 ‘,’0 sand) . 

Iron ore • 

Kecarburiser 

Steel produced 

Loss 


60,000 Ibs.i Materials 
13,500 ,, > charged 
400 ,, ) cold 
60,000 „ 

400 „ = 07 % 


Analysis of pig iron ; (\ 3-5 per cent. ; Si, r6 [Xir cent. 

„ ifon ore: i^'e, 67-54 per cent. ; SiCC, 1-95 per cent. 
Recarburiser— Ferro-manganese, 80 per cent. Mn. 


Charge 3. — The following^ is an average charge out of 15 consecutive 
heats of" o-io per ce'nt. carbon steel made by the Pennsylvania Steel Co., 
Stcelton, Pa. 

‘ “ Stahl und Eisen,” vol. xi, p. 7 o 9 - . . o 

* “Journal American Institute oi Mining Engineers,” vol. 22, p. 490, 

♦ p. 496. < 
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* Actd Pi,s; and Scra/> Pnxcss 

0 • 

Materials used in charge— 


rig iron (carrying 1-5 % sand) . 

Scrap 

Scrap 

Recarburiser 


Ore . . ^ • 

Slag . . . 

Steel produced 
Loss . 




11,947 IhsA 
10,060 ,, 1 
34, M 

300 •. 

1,000 ,, 


Materials 
( harged 
cold • 


4A33 

55,307 

2,193 



Analysis of pig iron : C, 3 5 \)er cent. ; Si, 2 6 j>er cent. ; Mn, ri i per cent. 

scrap : C, 0*13 [)er rt'iit. : Si, o 02 per cent. ; Mn, o 35 i)er cent. 
,,, C, o‘4 per cent. ; Si, 007 pel cent. ; Mn, 100 per cent. 

Sand used for repairs . . . . y 70 lbs. 


C/iari,r 4.— The following^ is an average charge for steel castings liaving the 
following analysis C, 0 24 per/:ent. , Si, o 39 per cent. ; Mn, o 81 per cent. ; 
P, 0-049 i)er cent. ; S, 0*033 per cent. 

Acid Fi^ iifid Scrap Frotcss 
Materials used in charge— 


Pig iron 

. . . . 3000 lb. 

Materi.ils 

Various kinds of scrap . 

. . . h2'"iO „ 

charged 

Iron ore 

. . 300 

cold 

Sand 

. . . . 300 ,, 


Ferro-manganese . • • 

13^ „ 


Ferro-silu:(Vi • • 

80 „ 

• 

Aluminium . ... 


• • 


Analysis of pig iron : Si, i to 2 per cent. •, I>, o o.( per cent. ; S, o o.iS l)er 

The above charge is said to be worked off m fnrn.ace 

capacity is 7 tons, and it is fired with oil, the consumption of which is 50 gallons 
per ton of steel made. • . ^ 


Charge 5. — d’lie 
struction. 


following'^ IS a charge for steel suitable for bridge con- 
Basfc Fig and Scrap f^roccss • 


Materials used in charge— 

Pig iron | Materials 

Bessemer rail ends ... • • ^ ” r charged 

Iron ore .. 500 Mis. J 

Ferro-manganese (40 % M',),- . . • no .. 

> •< Modern Wisconsin Steel Four,lry,” “ Tin Foundry, ” Nov., 171 1, 

* “ Suhl und Eisen,” vol. xi, p. 709.^ 
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The following table gives the analysis of the material^ during different periods 
throughout the heat : — 


Time sample taken. 


Averap[C analysis of charge at start . 
Analysis 4 hours after charging . . . . 

,, • 5 hours 10 minutes after chaz-ging 

,, after additions of FcMn . . . 


Si 

Mn 

p 

s 

Cu 

% 

% 

% 

% 

% 

032 

1*37 

009 

0034 

0*11 

001 

0-37 

006 

0030 

oil 

0005 

0*35 . 

003 

0030 

0*11 

0009 

0*53 

004 

0*023 

0*1 1 


Charge 6. — The following charge is typical of modern German works practice 
for steel for structural sections, angles, tees, etc. 

Basic Pig and Scrap Process 


Materials used in charge— 

Pig iron (mixed) ii,ooo lbs.\ 

Old ingot mouldy (hematite) 3,360 „ 

Rolling mill scrap (ends of joists, chsnnels, 1 jvi^terials 

bars, and billets) •. 40,000 „ charged 

Iron turnings (chips) 6,720 „ / 

Miscellaneous steel scrap, forgings, pressed 

tubes, etc ^ • 19,000 „ 

Lime 1,600 ,, / 


Ferro-manganesc and ferro-silicon, according to carbon required, added to 
ladle. ' 

The above charge is taken from actual practice. An average of 5 heats of 
33 tons each is obtained every 24 hours from fixed furnaces charged ^^ilh electric 
charger. 


Chmge 7. — The following charge is typical of modern English practice for 
steel for wire rope billets, containing C, o 65-o’75 per cent. ; P and S, 0*025 
per cent. . ^ 

, Basic Pig and Scrap Process 


Materials used in charge— 


Pig iron ^ . 

. 22,400 

Selected steel scrap 1 


Compressed bale hoopsv . . . 

. 28,500 

Crop ends of billets ) 


Coal added to furnace . '. . . 

300 

Mill scale 

. 2,250 

Fluorspar 

340 

Lime . . . • . . • 

. 160 

,T"erro-silicon (60 % Si) . . . 

30 

Ferro-mangancse (8cf'% Mn) . 

. ^ 59 

Aluminium 

5 

Analysis of pig iron, C, 3’25 to 3'5 per cent. ; Si, 


\ 


Materials 

charged 

cold 


Added to 
ladle 


rS to r8 per cent. ; P, ro to 1*5 per cent. ; S, 0*03 per cent. 

The scrap is charged after the pig iron, and not all at the same 
a period of a few hours. Old metalliferous slag is frequently used in addition to 
lime in the charge. 

Charge 8.— The following charge'is typical of modem English practice for 
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^ p 

best quality low carbon steel for billets containing C, o*i2 to 015 per cent. ; Si, 
trace ; Mn, o'3 to 0*35 cent. ; P, 0 04 j)er cent. ; S, 0 04 per cenu 

^ Biuif Pig ami .Srr^r/ Prouss 

Materials used in the charge — 

Pig iron (mixed) .8,500 lbs. ' 

Scrap (old hematite iron) . . . 15,000 „ 

Scrap (light, selected) ii.ooo ,, Mnininls 

Coal adi^ed to furnace ^ 1,000 ,, cliaigcd • 

^ Fluorspar * • • 3 ^^ >» 

Lime .... 130 „ 

Silicon pig iron (12 Si) . . . 15 * 

Fcrro-manganese (80 ^;o Mn) . . . 185 ,, 1 Added to 

Aluminium f i^idle 

Analysis of pig iron : C, 3*0 to 3*3 pci cent. ; Si, o 8 lo 2 5 pm cent. ; Mn, 
1*5 to 2’o jier cent.; P, To to 17 5 per cent. ; S, 0025 to 007 per cent. 

Scrap is added after the jiig non, and at intervals during the melt. Old 
metalliferous slag is used in the charge for |lu\ing. * 

Charg' 9. -'riie following irtild steel diargc' shows the details of jirogrcss of 
the heat Irom time of charging until material is l.ijiped into ladle. 'The Imished 
steel contains, C, o 15 per cent. ; Mn, o'45 per eent. , P, o 05 [ler cent. ; S, 0-019 
per Cent. 

Paste I\g and Scrap Proicss 

Time. 


9.55 am. Commenced charging. 

Pig iron .... • . i7,o-'o 

Scrap stei'l . . 8,720 

Limestone . . . 2,240 

P(|;tery mine L-3- 

11.55 a.m. Finished < harging. 

3.45 p.m. Melted. 

4.0 p.m. Melting samjile taken and i cut. of calcium chloiide .idded, 

Vo*llowed by limestone and a little lime. • 

440 p.m. I'j owls, calcium chloride, and limestone with a little jpotter/ 
mine added. ^ 

5.15 p.m. Sample of metal and slag taken. 

0.5 p.m. Limestone and pottery mine added. 

6.30 p.m. .Sample of metal and slag taken. 

6 45 p.m. '{ cwt. calcium chloride add^d, and one harrow of lime, 

7.0 p.m. Sample of metal taken. • • 

7.8 p.m. 4 pieces of No. 3 grey pig iron added. 

7,50 [).m. Sample of metal taken. S = 0-022 jier cent. 

8.8 p.m. 2^ cwls. of Spiegel addeJ. * • 

8.20 p.m. Charge tapjjcd. 43 Ihs. ot 80 yer cent. heNfn addeci to ladle. 

Weight of ingots obtaineil . . . . 10. tons i^cwls. 2 (jrs, ^ 

„ scrap „ . . . . 3 8^"^- 

Additions during w-orking - , 

Pottery mine ... . . . 19 cut->. i qr. 

Limestone . . . • 35 V ^ 

Lime . . . ^ ^ 

Calcium chloride (dry) .... 3 n 2 qrs* 

‘ “Journal West of Scotland Iron an5 Steel Institute," vol. VII, p. I2I 


j Materials 
’ / ( h.irged 

’ ) (old 
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Average analysis of pottery mine : — 

Fe,03 FeO S Si Mn 02 AI2O3 P 

6172 9'69 ro2 i’02 4-18 213 058 percent. 

The following are representative of modern basic oix;n-hearth furnace practice 
in molten iron cliarges in part ami as a whole. 


Charge 10. — The following ^ "is a typical charge of the Dominion Iron and 
Steel Co., Nova Scotia, from a 50-ton turnace producing ingot steel for rails 
containing C, 0*57 per cent.; Mn, 084 per cent.; P, 0047 per cent.; S, 0*04 
per cent. 

Easic Molten Pig Iron a fid Scrap Process 


Materials used in charge 


0[)en-hearth steel ca.stings . . 

17,050 lbs.| 

Rlooming mill crop ends . . 

27,200 „ ) 

Molten pig iron from mixer . . 

( 43 . 9%9 0 1 

0 0 

30,900 „ ) 

Iron 01 e 

11,000 ,, 

Marble mountain limestone . 

25^300 0 

Routledge limestone . . . 

5,0oo , 

Iron ore 

500 0 1 

Fluorspar 

0 

0 

Ferro-manganese 

L 550 „ ) 

Ferro-silicon (50 % Si) . . 

350' 0 

„ (10 % 81) . . 

300 „ 1 

Coke dust 

640 „ 


Charged cold 

Added about 3} hrs. after 
first strap was charged 


Added during the heat 


Added to ladle 


d'ime taken, 14 hours 10 minutes. 


^ Charge 1 1.- d’he followings is a typical charge of inild,st';el produced by the 
lloesch process at the Iloesch Works, Dortmund, Germany. 

Ingots contained, C, o-o8 percent.; Si, trace; Mn, 047 per cent.; P, 0*04 
per cent, ; S, 0*067 per cent . 

Basic Molten Pig Bon and Ore Pioass 


Materials used in charge — 

Lime (87*55 CaO) . ^ 

Swedish ore (5(S*92(^') Fe) 

Rolling mill scale (7b’3D‘o Ft) 

Fluid pig iron (C, 3'28‘,’;, ; Si, 0*32%; 
vMn, 0*9%; P, 1-86%^; S, 0*132%) . . 


4,143 lbs. Charged 
7,5(82 ,, before 

1,697 ,, pig iron 

5F3II 


Jn about 2.^ hours^'after charging, the consents of the furnace are poured into 
a ladle and the"^ slag poured off. ^ieanwhile the following materials are charged 
into the furnace, af^er which the contents of the ladle are poured back into the 
furnace : — 

Spathic ore (48*86 % Fe; 9*56 % Mn). 

Scrap steel (99‘4f^ % Fe). 

Lime (87*55 CaO).' 


^ Mining; Tnstitule Journal/’ vol. X. 

* ‘Iron ami Coal 'liade^ Review,” vol 80, p. 88. 



CHARGES, ANALYSER, AA'D (fSES OF OPEN-HEARTH STEEI. 409 

During the second neriod of the heat, the following additions are made at 
different intervals : — 

• • 

• Rolling mill scale (76-31 % Fc) . . . , jri il,s 

Lime (87-55 % Cat)) 

» »? M 45 > II 

Ferro-mangancse (82 Mn) • 

Troduct, 66,008 lbs. sound ingots; 79J lbs. pouring w.iste ; io,:Ij 6 lbs, ist 
slag, 9058 lbs. 2nd slag. 

Total time taken during heat, 5 hours 14 minutes. 

• • 

12.— The following ^ is a typical charge of mild stt'cl produced by 
the molten pig iron, scrap, and ore process, m an ordinaiy fwvd basic ojx'n- 
hearth furnace at the Julienhiilte Works, (lei many. Details ol tlu‘ j a ogress of 
the heat, from thoitime of charging until tapping, are gi\ cn. The limshed sled 
contains C, 0-105 per cent. ; Si, trace ; Mii, 0*43 per cent. ; V, 0 0 j6 per cent. ; 
o’°35 cent. # 


Tunc 

1 1.20 a.i 


12.30 p.m. 


Basic Bv/i, Sihi/>, aiui Che l^ionss 

Fime’ >20} lbs. | 

Krivoi-Rog ore (f)3 Fe) . . 1^,890,, (diargcd cold 

lion turnings iS,ooo ,, j 

Fluid pig iron from mixer ((', 

%; '"ib : Mn, 

2-1 % ; P, 0-41 ; S, 0-05 Vo) 70,750 „ 


3-25 

p.m. 

8 1 5 lbs. 

lime added 

(’barge all melted 

3-40 

p. m. 

1080 ,, 

and 5O2 

lbs. oie added. 

(’li.irge begin 

3-55 

p.m. 

1234 - 

• ■. ), 750 

,, ,, 

Chaige boils 

4. 10 

p.m. 

,, 

„ added. 


4 20 

p.m. 

37 t 

ore ,, 



4.35 

p.m. 

* 4 ^ „ 

link' ,, 



4-55 

l).m. 


1. 



5-0 

[).m. 

•Cm .. 

ferio manganese added. ('Iiai 

tge ([uict 

5.10 

p. m. 

(ih.iigc 1, 

ipi-ed. 

• 


Product . 

. 87,036 lbs. sound ingots 

' 98 06 'b> 




-i 3 » . 

, tasting wa.sle - 

2-41 Vo 


Folal )ield . 89, 1 74 


^ 100-47 % 


C/iiU-e i3.-~rhe following diaige,' produced by the 'I'albot continupu.s 
process on November 16th, 1909, at the Cargtj Meet Works in •ne of the 
175-lon tilting furnaces, gi\es*the materials usefl and derails of the jirogress of 
the heat, from the time of ( hargiilg molten ])ig iron to the bath of low carbon 
steel, until the operation is com[)letcd. 

‘ “ Iron and Coil Tradi s Ri.vk'w,” \ol So, p. \2e, 

^ “ hlalil mid Ibocii,” \ol. xxx, j) Ol. , 
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Talbot Continuous Process 
Time ** 

11.50 a.m. 120 tons low carbon steel in furnace, containing 6*16 % C; 

0-019 % Mn ; 0*046 % P; 0*048 % S. 

12.0 a.m. Furnace walls repaired and 8 tons of slag drawn off. 

12.20 p.m. 10,072 lbs. Gellivara ore and 4695 lbs. lime charged. 

12.30 p.m. 49,260 lbs. molten iron charged, containing 3*65 % C ; 0-77 % Mn; 
1*39 % Si ; 1*66 % P ; 0*044 % S. 

1.0 p.m. 10,072 lbs. Gellivara ore and 4695 lbs. lime charged. 

1. 10 p.m. 49,260 lbs. molten iron charged, containing 0*93 % Si ; 1*56 % P ; 
0*06/ %S. 

1.30 p.m. 17,910 lbs. molten iron charged, containing 0*65 % Si ; i*6o % P ; 

0*086 % s. 

2.25 p.ni. 2248 lbs. Purple ore and 2800 lbs. lime charged. 

2.30 [).m. 2248 „ Gellivara ore and 1895 lbs. lime charg'^d. 

2.45 p.m. 1895 „ lime charged. 

4.0 p.m. 1895 „ „ 

4.20 p.m. ('omposilion of steel C, 0*21% ; Si, 0*036 % ; Mn, — ; 

P, 0*011 % ; S, 0*032 %. 

About 54 tons poured oO'into ladle. 

Added to ladle :—Ferro-mangnnesc (80 jxir cent. Mn), 84S lbs.; Ferro- 
silicon (50 per cent. Si), 112 lbs. ; Anthracite, not given. 

Conijiosition of finished steel: C, 0*45 per cent.; Mn, 068 per cent.; 
P, 0*033 per cent ; S, 0*04 per cent. 

Duration of charge between tap^iings, 4 Irs. 30 mins. 

to lad’- 


. Charge 14. — Typical charge of rail steel fror 17 5-ton tilting furnace 
(Talbot process) at the Cargo Fleet Works, Septembe'' 6th, 1909. 

Talbot Continuous Process 


Materials charged : — 


Molten pig iron added to bath of liquid iow 
carbon steel in two stages .... . , • 

Iron ore . . . ■ 

Rolling mill scale . . . • 

Lime 

Dross 

Ferr^D-manganese {80 % M.i) 

Ferro silicon (50 % .Si) qg2 


1 23,160 lbs. 

31,350 „ 

2,573 „ 
20,553 „ 

6,190 „ 

1,120 „ 
167 „ 


Total yield of ingots, 128,310 lbs^7 ,, 


Analysis of pig iron: Si, 1*15 per cent.; Mn^ 0*63 pv „ cnt. ; P, i'6o per 
cent. ; S, 0*122 per cc*it. 

Analysis of finished steel : C, 0*59 per cent. ; Mn, 0*70 per cent. ; P, 0*044 
per cent. ; S, 0*063 per cent. 


Charo:c 15. — Typid'al charge of constructional steel from 175-ton tilting 
furnace (Talbot process) at the Cargo Fleet Works, September 7th, 1909. 



CffA/iGES, ANALYSES, AND lASES OF OPEN-HE 4 RTH STEEL 4 1 1 

* . 

' Talbot Continuous Process 

Materials charged : — * 

Molten pig iron added to bath of liiiuid low 


carbon steel in two stages ii 1,96^ lbs. 

Scrap steel . ,, 

Iron ore ... ,^0,220 

Rolling mill scale 5,M<) 

Lime. .* • . . . 17,914 „ 

Dross > b,t^9 o 

Ferro-manganese (80 '’o Mn) j ^ „ 

F'erro-silicon (50 % Si) i7« ,» 


Total yield of ingots, 120,210 lbs. 

Analysis of pig iron: Si, 1*09 \^or cent.; Mn, 0-69 per cent.; \\ 184 per 
cent.; S, 0*107 per cent. 

Analysis of finished steel: C, 0185 per cent.; Mn, 066 per cent.; P, 0*03 
per cent. ; S, 0*058 per cent. 



CHAPTER XXXVII 


THE DUPLEX PROCESSES 

The name “duplex" was given to the dual operations of partially converting 
iron to steel in the Bessemer converter, and finishing the conversion in the open- 
hearth furnace. The process was conducted first in Witkowit/, Bohemia, in 
1878, and is carried out with success in countries where the jnaterials cannot be 
more economically converted to steel by the Bessemer or open-hearth processes 
independently. 

While in Germany the Hoesch or B^trand-Thiel process has superseded 
almost entirely the duplex process, yet in America large plants have been installed 
quite recently where the Bessemer converter and open-hearth furnace are work- 
ing in conjunction with each other. 

Converter and Open-hearth Furnaces. — In Fig. 218 is illustrated’ the 
arrangement of converters and mixers installed in 19 ii at the Saucon Steel 
Works of the Bethlehem Steel Co., Pa., U.S.A. This is perhaps one of the 
largest duplex plants, having all the latest improvements for handling the 
materials from the blast furnaces until the finished steel is in the casting ladle. 

The blast furnaces from which the metal is conveyed to the steel works are 
about li miles distant. The metal is conveyed in double-trunnion ladle trucks 
of 23, 35, and 40 tons capacity, and taken direct to the mixers, which have a 
capacity of 400 tons each. Outside the mixer building the metal is weighed on 
a 1 00-ton track weighbridge, and then pushed into the building, where the ladle 
is lifted by an overhead crane of 60 tons lifting power, the metal being poured 
into the mixer by a 20-ton auxiliary crane. The metal is conveyed to the con- 
verters in 25-ton ladle trucks, which are drawn along the platform on a railway 
track by means of a motor-dri-en rope haulage system, controlled by the man 
on the mixer platform. The distance from the mixer to the farthest converter 
is 145 feet. The converters have each a capacity of 20 tons. The position of 
the open-hearth furnaces in relation to the converters is shown in Fig. 219. 
The metal i? conveyed to the openAearth furnaces in ladle trucks, and afterwards 
handled^and finished in the ordinary manner. 

Other plants have been installed recently, but notably the duplex process 
plant at the Tenessee Iron, Coal, and Railroad Co., U.S.A. 

Open-hearth Furnaces and Electric Furnaces.— In several works in different 
countries Ihe electric furnace is used in conjunction with the open-hearth furnace. 
The plant consists of a fully equipped modern open-hearth furnace (fixed or 
tilting), from which the semi-refined charge is tapped and poured into and 
refined in the electric furnace. The metal is generally taken from the open- 
hearth furnace in a ladle suspended from an overhead crane, and tipped into 
the electric furnace by an auxiliary crane. I'he refined charge is poured or 
tapped from the electric furnace into a ladle suspended by the same crane, and 
afterwards taken to the moulds and cast in the ordinary manner. The size and 
number of open-hearth furnaces necessary to work in conjunction with an electric 

‘ “ Iron Age,” 1911, p. 784- 
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furnace depends upon the durations of the operations ’n eacli furnace. If, for 
instance, the refining in the electric fu|nace takes an average time of i hour per 
heat, and Ihe capacity of the furnace is 5 tons, two 50-ton tilting furnaces working 
on the continuous melting principle would be necessary to keep one electric 
furnace going constantly, that is, tapping 5 tons every i to hours from each 
tilting furnace alternately. 

Steel is also refined in electric furnaces, after being partially converted in 
the Bessemer converter. The arrangement of converters and electric furnaces 
is similar to that of the open-hearth and electric furnaces, the Bessemer con- 
verters being placed in the position occupied by the open-hearth furnaces. 

Triplex Steel Process. — The name “Triplex” has been given to an arrange- 
ment of furnaces in which the manufacture of steel from molten iron is con- 
ducted in 3 stages. One method adopted is to take the metal from the blast 
furnaces and partially refine it in an acid open-hearth furnace, then in a basic 
Bessemer converter, and, lastly, in a tilting open-hearth basic furnace. If, how- 
ever, all the operations of refining are considered in the ordinary molten pro- 
cesses, including (i) that which goes on in the ladle during transit from the blast 
furnace to the mixer, (2) in the mi^er, anifl (3) in the subsequent furnaces, the 
name “ multi-process” would have to be applied. 

In view of the variety of methods of manufacture, it is necessary to consider 
carefully all the conditions affecting the particular kind of manufacture it is 
intended to undertake before deciding upon any particular design and arrange- 
ment of steel works. 


Materials used in the Duplex Processes, 

The materials used for steel manufacture in the Du[)lex processes are such 
that it is usually found more advantageous to remove part of the impurities in 
one furnace, lined with say acid refractory material, and to complete the removal 
of impurities and finish the steel in another furnac<‘ having a lining of basic 
material. By manufacturing in this manner, it has been possible to use highly 
phosphoric pig iron with too much silicon to enable it to be successfully converted 
to steel in either the acid or basic lined converter, or open-hearth furnaces inde- 
^pendently. 

Various combinations of furnaces have been tried with many varieties of pig 
irons, and to give some slight ii\^lication only of the numerous charges which have 
been employed, the following details are set forth. 

Duplex Process, Bessemer and Open-Hearth, 

Charge I At Witkowit/,about'b heats of steel are obtained from each open- 
hearth furnace per day. 'Faking the average charges of molten metal for the year 
1908-9,’ the following materials were used in the combined furnaces : — 


Pig iron ' *87-12 % 

V Loss 12*88 % 

Iron ore . • • • • 2*7 % 

^ Lime . . . i 7’S % 

Coal 10*5 % 

’ Dolomite (calcined) 2*67 % 

Magnesite (sintered) 0*31% 

Pouring waste 2*11 % 

Open-hearth slag 10*39 % 

. Ingots produced . 89 25 % 


Average weight of charge, 19*9 tons. 

' “ Iron and Coal Trades Review,” vol. 80, p. 88. 
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Duplex Process. Bessemer and Etccir'c, 

Charge ![.— The following is a typical charge 'of blown banic Bessemer 
metal, refined in a nominal 8-ton Ruchling-Rodenhauser furnace at Volklingen, 
Germany. 

Charge 5 




'rime 



Percentages 

s 



hr*. 

mitH. ' Sample 

C 

Si' 

Mil 

P 



f 0 

0 Molten charge , 

I 

o'o6 

0-02 

o '49 

o'o6 

0'( 65 




20 

2 

o'o7 

0'02 

0'28 

0'025 

0*054 


0 . 

• - 

0 

40 '1 c* 

3 

0 07 

0 02 

021 

O '022 

0*049 

cil 

rt 

rt 0 I 

'Cut 

1 

0 

4 

o‘o6 

0’03 

0'12 

0018 

o’o 53 


i? D- 

1 I 

20 

S 

o‘o6 

0'03 

0‘12 

0*015 

0*057 

ta N 

0 

I 

40 

6 

0-07 

0'02 

0*12 

0*0145 

O' 053 

® 1 

^ 5 ^ 

[ 

\ 

2 

i Added 220 lbs. roke. ( 

,, 28*4,, fetro-silicon ' 

' 7 

o'o6 

0'02 

0'12 

0*012 

0048 

laggi! 
buns 
n of 



1 ,, I3'2 ,, forro-spiet;cl j 


I'26 




0*028 

1 

2 

40 I ,, 28'4 ,, 50% ferro- 

> 8 

002 

015 

0*015 

c/2 rt 2 ' 

1 


( wluuiitoslag ) 

1 






^ i 

Cl 

f ^ 

\ Added 4'4 lbs. of'So% ferrn- j 
3 ( man{;ancsc ' 

1 

l < 







'C 1 
0 0 , 
n 

13 4 J 1 

3 

j Added 15*4 lbs. of 50% ferro- 
^ J silicon to sl.ig 

h 

>•39 

0*15 

0‘2I 

o*oi6 

0*022 



1 3 

15 

10 

1-30 

0'2I 

0-24 

0 

0 

trace 


Duration of heat 3 hrs. 15 mins. 

Throughout heat, 770 lbs. of lime were .vlded, and throughout the oxidation 
period, 198 lbs. of W. S. 


Duplex Process. Bessemer and Electric. 

Charge III.— The following' is a typical charge of blown Bessemer metal 
refined in a 15 ton Hdroult furnace at the Illinois Steel Co., South Chicago, U.S.A. 
The metal is slightly overblown in a 1 5-ton acid converter, and is poured into the 
..electfic furnace. At the same time, iron oxide and lime is shovelled in through 
the working doors to produce a basic slag. 


Materials charged : — 


lbs. 


Blown Bessemer metal .... 

. . . 30,000 

Scale 

. . . 700 

Lime— first slag . . 

. . . 600 

Lime — second slag 

. . . 600 

Recarboniser 

... 130 

Fluorspai 

. . . 400 

Coke dust 

. . . . 200 

Ferro-Manganes^ (80% Mn) . 

. . . 200 

Ferro-Silicon (10% Si) . . ^ • 

. . . 60 

„ (50% Si) . • • • 

. . . 80 


For repairing the furnace between the heats, 400 lbs. of dolomite and 25 lbs. 
of magnesite were used, 


' “ Journal Iron and Steel Institute,” 1909, I, p. 312. 

’ “ Iron and Coal Trades Keview,' 1911, p. 210. 
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Duplex Process. Open-Hearth and Elee/rie, 

Charge !▼. — The following^ is a typical cliargeof molten metal froina 35-ton 
open-hearth furnace refined in a 3 ton Girod furnace at GutehotTnungshutte. 


^ Sample 

Oxidation period : — ^ 

Charge 7053 lbs. molten metal . . 1 

After adding 22 lbs. ore .... •2 

„ „ 33 

„ M 55 

Just before slagging 4 

Deoxidation period : — 

After adding* 5 2^ lbs. petroleum 
coke and no lbs. refining slag . 5 

After adding 88 lbs. refining sla^^ . i 

,, ,, 66 lbs. ^ yj . 7 

,, ,, 19 i lbs. FeMn ,, . 8 

„ „ 2 j • lbs. powdered 

petroleum .coke 
and 1 1 lbs. FeSi . 9 

„ •„ 1 1 lbs. ferro silicon . 10 

„ „ 8J lbs, ferro-ma^iga- 

nese n 

Final sample . ... 12 

Weight of steel produced, 6942 lbs. 

* Taper by Dr. Af Mueller, '• Sl.ihl und Fiscn,” Aug 31*1, 191 1. 



7053 

lbs. 




Tcrccnt.a^^cs. 



f 

Si 

Mn 

P 

• s 

0-15 

tr. 

0*54 

0*03 [ 

0*054 

O-I \ 

„ 

^)* |0 

0*02 1 

0*048 

0 I \ 

- 

o\>l 

0016 

0*044 

0*10 

II 

029 

o’ooS 

0*046 

0*50 

II - 

0*26 

0*01 

0*034 

0 50 

• 

0*26 

0 0 1 

0*038 

0 49 

,, 

0*27 

U 0 I 

0*026 

0*50 

»» 

0 

•0 

0 01 I 

0*026 

0*52 

0*07 

0*52 

0*015 

0*026 

0*52 

0*14 

0*52 

0*01 2 

0*0 18 

0 56 

0*14 

0’6i 

0-015 

0*01 

0*56 

0*14 

062 

0-015 

O'OI 
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• THE ELEGTRIC PROCESS 


CHAPTER XXXVIll 

THE EVOf.VlTON OE THE El.ECTRIC 'FURNACE 

PROiiAiiLY no Other form of stccl-iYjaking /"urnace has received so much attention 
hy Engineers and Metallurgists during a simif r period as the electric furnace. 
Although its eailiest application dates no further back than 1879, would he a 
laborious task to furnish a description of all the ty[)es of furnaces which have 
been designed since then. Electric furnaces of dilTerent types have been used 
during recent years for the manufacture and refining of steel, and there is suffi- 
cient evidence from the commercial results obtained, that in the future a more 
geneial application of the electric furnacCfin steel works will depend upon the 
following considerations 

1. Simplicity of design of furnace. 

2. Applicability of design to the metallurgical operations involved. 

3. Efiu ieiit working and economical consumptipn of electricity. 

4. Low cost, 

5. Minimum of rejiairs and adaptability to continuous working. 

Historical. The Siemens Furnace, 'bhe first electric furnace used for the 

, [iroduclioii of steel was an experimental one designed by the late Sir Wm. 

Siemens in 1879. In his patent 
of that date, two types of fur- 
naces are shown, as illustrated in 
Eig. 220. The furnace shown 
in Fig. 220 f/, consists of a 
crucible in which is placed the 
material to be melted, the heat 
being obtained by radiation from 
two electrodes placed horizon- 
tally above the charge. The 
eloctrodes, which, it is stated, 
may he either carbon or water- 
cooled tidies, are fed forward by 
means of friction rollers which 
are operated by a sand wheel 
and worm gear, actuated by a 
solenoid 

Fic. 220— Siemens’ Experimental .XrcKlectiic Furnace. In a modified design of the 

furnace, shown in Fig. 220 the 
current is led to the furnace hy an 'electrode suspended over the charge in the 
crucible, and, arcing across the air-gap, jiasscs thiough the material, and out by 
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meant of an electrode fixcid into the bottom of the crucible, and in contact with 
the charge. In a furnace of this design, Siemvns was able to melt 22 lbs. of iron 
or steel in ontC hour, and based u|X)n these exj)eriments he worked outnhe cost 
of production of steel by electricity, and concluded that it could be made as 
economically by the electric furnace as by the open-hearth furnace riiese 
experiments, however, were not developed commercially, and for eiglil yiars 
little was done in promoting this new method of steel iuanufa< tiire. 

The Ferranti Fu/nace. —In 1887, Mr. S. de J-'erranti introduced a distinct 
type of electric furnace, two views of^which are shown m Fig. 221 I'lie 
arrangement consists of a rectangular annular crucible (provided with a (over), 
in which are ])laced the materials to he mclied. 'riirougli llu' oju n spai (' in tlu' 
centre of the crucible and on either side, pass pole pieces const tiu led ot a 
number of thin soft iron plates. An insulate<l coil is wound round lh»‘ inner 
pole piece. The whole arrangement is fixed on a cast iron fiame mounted on 
trunnions, the m.ignet being insulated from the frame. Heat is meluceel by the 



t’K.. 221. — Fcreinti’s l''I(.ctiic Furi)n(r. 

* • 4 

current passing through the coil surroimelmg the* iron magne t. I he wftole 
apparatus forms an electric transformer, in wl»i(h the* j)rimary eoil induces 
current in the annular chamber taking the place of a s< ('ondary winding. 

Apparently, development of tins type e>f furnae was dropiied, for no com- 
mercial success is reeorded of its opeiatuui. 1 lu* same* prm< ipal ol melting by 
induced currents was ])alenteel by Colby in ^le F S A. in i8<)0, allliough his 
arrangement differed slightly from Ferranti’s. * • 

The Stassano Furnace.- It was not until the ye.ir 1898 that the electrical 
production of steel was agnin taken up acluely. In this year, Major Stassano 
constructed a furnace at Rome, on the arc principle, willClhe oi)jecl of smellmj^ 
iron ores and producing steVl direct in the one operation. His furieu'e re*.emhled 
a charcoal blast furnace with tffe tuyeres replaced^by r.iU)on el(.< Irodes, and 
the ore, as it passed down the furiface, was fused by the eleclru- arc fortflcd 
between the i)Oints of tlie electrodes. '1’his furnace wsas not a ('ommen ial, success, 
and was abandoned in favour of a furnace in wliich die matelials were ci»arg(*(l 
upon a hearth, and melted by the radiation of heat from arcs formed between 
electrodes situated just above the materials. In this design of furnace, Stassano 
was able to reduce ore when brumetted >yith diarroal and nH*lled with suitable 
fluxes, a good quality of steel being prrxluced. He, lio\^<‘\er, found*the furnace 
^more particularly ada[)ted for the productuJh of steel from scrai), and on these 
lines he advanced. 
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The H^roult Furnace.— While Stassano was pursuing his investigations, Mr. 
P. H^roult (now Dr. Hcroult), way engaged ir) the U.S.A. on the production o! 
alumini'um in the electric furnace, and in 1899 his attention was, turned to the 
manufacture of steel by the same means. The furnace with which he experi- 
mented consisted of a hearth containing the materials, over which were suspended 
two carbon electrodes. The 'current, passing down one of these electrodes, 
formed an arc in the air-gap between the end of the electrode and the material 
on 'die hearth. Similarly, afte^ passing through the metal b^th, it formed another 
arc between the metal and the end 9f the other electrode on its way to the 
negative terminal of the supply generator. The heating effect of these two arcs 
was utilized to m<!lt the metal in (ne hearth, which on becoming molten, was 
tapped out into moulds. 

The Kjellin Furnace. — A year after Ileroult’s first experiments, Mr. F. 
Kjellin (the late Dr. Kjellin), in 1900, introduced a furnace of the induction 
type, .similar to that patented by Ferranti in 1887. With this furnace he carried 
out investigations with the object of producing steel from iron ore briquettes, 
pig-iron, and steel sgrap, and as a result he was able to make high-grade tool 
steel commercially in 1902. n 

Modern Developments. — It will be observed from the foregoing that the 
inventions and experiments of Stassano, Heioult, and Kjellin, embodied the 
principles of the earlier patents of Siemens and Ferranti. Stassano’s furnace 
was an ajijdication of the design introduced -by Siemens, I'iJd Fig. 220 <r, p. 418. 
Heroult’s furnace showed originality in that tlie current left the furnace through 
a second electrode above tbe metal, instead of through a second electrode at the 
bottom after passing through the metal i^i the furnace. Kjellin’s furnace was 
an a[)plication of Ferranti’s principle of heating by an induced cuirent due to 
the resistance set up by the metal bath to the current. 

, 'riiese three furnaces arc the types upon which practically all the develop- 
ments of late years have been based. 'I'he desjgns of some furnaces have 
embodied slightly dilferent arrangements with the object of iiroducing more 
efficient and simpler working, while others have been but the combination of 
two or more types. 

'i'he (lirod furnace is an application of Siemens’ original furnace with the 
botiom electrode. The Rochling-Rodenhauser furnace is a development of the 
Kjellin furnace, the heating iKung effected by induction and by the resistance 
set up by plates built into the furnace lining. Other types of furnaces, less 
known than the foiegoing, are being developed^ and some of them are described 
and illustrated in the following chapters. 
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.•lA'C Fl’K.VACKS 

Introduction. — The first clccttic furnace used for the inamifac lure ol steel, was 
an arc furnace, invented hy the late Sir William Siemens. It is notahh' that llie 
first furnace to be used commercially was also an arc fuinacc', intioduced by 
Major Stassano in Italy in 1898. This furnace, moreover, is the onl\ one which 
has retained the principle of heating purely by radiation^lrom an aie or arcs 
formed between carbon electrodes si^ialed fibove the metal in the luaith of 
a furnace. • 

The Stassano Furnace.— Stassano’s earliest expeiimenls were not very 
successful in producing steel direct from iron ore on a commer» lal scale. 'I lu se 



were conducted in a furnace closely resembling a smal^ blast furnace, but with 
tuyeres replaced by carbon electrodes. WMen, however, he adopted the hearth 
type of furnace, his experiments were more tuccessful. 
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Originally, ihe furnace was of the fixed type, but i^ was found that the metal 
bath was not siiffi< iently stirred up to ensure refining and perfect homogeneity, 
and the rotary tyjie of furnace was therefore adopted. A sectional elevation of 
this latter type is shown in Fig. 222. 

Description of the Furnace. — 'I'he furnace consists of a cylindrical shell 
built up of steel jtlates, mounted on a roller path so that the furnace itself is 
inclined at an angle of about 7^ to the vertical. The furnace is rotated by 
mea/is of gearing, driven by a motor. The shell is lined with magnesite blocks. 
The carbon electrodes pass through the furnace lining nea’rly hon/ontally, and 
are enclosed in water-cooled jackets, bolted to the shell, which guide and support 
the electrodes, the, inner ends of wh’.ch point towards the centre of the furnace. 
The adjustment of the electrodes is obtained by means of small hydraulic rams. 
The current is conveyed to the electrodes by cables which pass through the 
])ivot, and are connected to brushes which make contact with sliji-rings below 
the base of the furnace, from \\hich the flexible cable to each electrode is 
attached. Since the whole of the furnace rotates, the bydraulu’ sujijily for 
cooling and actuating the electrodes, also jiasses up through the pivot. 

'I'he furnace is usually worked on three-jihase < urrent, three elec trodes being 
used, hut in the (Xise of large furn.u es,‘ six electrodes are emi)loycd -two to 
each phase. 'I'he electrodes used are considerably smaller in cross sec lion than 
those employed in furnaces of the lleroult type. 

'I'he Stassaiio furnace has been designed , with two objects, viz. — 

(d) For producing steel direct from the ore. 

{!>) For melting and refining mild steel scrap or pig iron. 

Production of Steel direct from the Ore. —When working the furn.ace for 
the production of steel from the ore, the top of the furnace connects with a tube, 
through which the jiroducts of combustion arc carried oft'. 'The ore used is 
first crushed and ground, then mixed with fluxes and carbon and made into 
hrujiieltes. 'I'he i)ro[)Oition of carbon used is governed by the comjiosition of 
the ore enijiloyed, the latlei being carefully analysed so that Us reduction can be 
fully ensuied by the carbon. Hy regulating the <]uanlity of the carbon, diflerent 
grades of steel can he produced, varying liom veiy low to high carbon steels, or 
jug iron. 

.In a paper hy Mr. R. Catani,’ the following particulars are given of the 
results of exiieriments made hy Sta^sano for the direct production of steel from 
the ore : In the first e\perim'v,nts, hematite ore of good (juality was used, con- 
taining 93 ’o 2 j)er cent, of l'e.X).i, brniuetted with pitch and charged into the 
furmu e with charcoal and limestone. In the second set of experiments a 
different ore containing 6S7 per cent. of Fc.OiWas used. 'Fiiis was crushed and 
biKiueUed with a 25 per cent, soliluon of silicate of soda instead of pitch. Steel 
of goo(^ quality was jiroduced, hut a[)[)arenlly only four exjierimental charges of 
uo lbs. each were made. 

'The process described above does not appear to have been followed to any 
large ex’ent, the furnace having been chiefly enqiloyei^ in the production of steel 
from mild steel scrajc 

' Production of Steel from Scrap. — 'Fhe following particulars^ of the working 
of a i-ton furnace (300 h.p ), producing steel for castings in (Jermany, will 
indicate the metheds adojUed for the operation of the Stassano furnace, when 
used for melting and refining mild-steel scraj). 

'I'he furnace has three electrodes, each adjusted hy hydraulic rams, and 
w’ater-cooled. A 5-h.i). motor is used for rotating the furnace. The material 
charged is good steel scrap containing o' 2 to 0*3 per cent. C ; 0*3 to 0*5 per cent. 

’ “ pnirn.il Iron .ind h^.cel Inslitiitc,” 1911, II, p. 215. 

* ‘ Foundry Ti.'idc Ji'uriul,” 1909, p. 19. 
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Mn ; 0 07 to 0*09 per cept. Si ; 0*03 lo o 15 |x*r cent. S ; 0 08 to 01 2 per cent. 
P. When starling otV the furnace, the luring is fir>t thorouglily ilrieii. 'I'he 
electrodes aj:e then brought together, il\e arcs fofined, and the hnn.Ku lirought 
to a high temperature, ready fof the reception of llie charge. 'The ele< liixles 
are now drawn back, about two-thiids of the charge is put in, the carbons 
are pushed forward, and the currt'nt switchevl c<i. 

The voltage of the su[)ply is 105 lo 1 10, and the current is rt gulatcd at 1000 
lo 1100 amps. ^ , 

A little iron ore or mill scale with lime is added to llie initial ihaige 
in order to refine and dephosphori.se It. 'The first slag is withdiawn Ix fore 
the charge is completely melted, and whon the bath is mvlt<.n tlu- Kmaindei 
of the charge is introduced as lajudly as possible without turning oil tiie 
current. Wlren the whole charge is melted (winch takes about \\ hoiiis), the 
second slag is run off, and more scale aiul lime adde d if lu cessaiy I his third 
slag is removed and a final slag formed hy the addition ol a small (piantity of 
lime and ferro-sih.cdn, which completes the retming. At ilu* t nd o( .ihoiii tiliism 
minutes ferro-manganese is added, and about seven minutes latci the ( liaigc is 
tapped. 'I'he addition of a small (ji^nlity yl aluinimum*is made in ilu- ladle. 
High-carbon steel is oblaineil 1 ^ the addition of Swetlish pig non iiisl beloie 
tapping. . . , , 

A i-ton charge requires a powei c<)nsumplion of Soo to 10-/0 k w. houis, 
according to the purity ol the mate/ials used and lhed(greeot letimng n<‘< ess.iiy. 
An average value of 900 k w. hours may he' laki n In addition to this, the 
furnace must be kept hot while it is out of us<- dining the run. I Ins is done hy 
passing current through iiitcTinitlently as required. 

The finished product for low-caioon steel is as lollows • 


(2 .... o'oS to o 1 S 

Si , . . , . . O O.s to O I O "o 

Mn . . . . 0*4 'q, 

p O of) 

s o 03 


Output and Cost of Plant 1 he ol a i-ton Imnaii', tngether wiilt^ 
switi'hboard, touiulations, et(\, is about y 1750. homi this luina<'e lint eld four 
i-ton charges can be obtained per day ol 2.\ lioiys, so that iiinmng the furnai e 
for 240 days {>er year, at an a\er.ige output of 3^ (barges jii.r d.iy, the annual 
outj)ut = 840 tons. ^ ^ 

Annual charge for d(q)reriation ur 10 17^00 

Annual charge for interest nj 5 . . ... Sy* 10. o 

Total annual eliargii for depreciation ami int< iesl - o , 

Charge for depreciation and interest jier ton of licpucf steel 
/'26« lOJ. 0(/. X 20 * , . 

- - 37. • 

540 

Wvrkiii^ Costs {per Ton of Liquid Stod fr Carbon Siod Cadmus) 

Cost of Repairs.- -The magnesite lining costs /,’2(4 to replace, and lasts 
about three weeks. The repair of the lining takes from 4 to 6 days, ( onse- 
quently the number of working-days [.*3r year is low, i.c, 240 as^ivcn above. 
The cost of repair materials, wages, and ^sundries, IS ^iven as 113. per ton of 

liquid steel. 
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Cost of Power and Cooling: Water.— Taking the power consumption at 900 
k.w. hours per ton for melting and refining, the power cost @ o'^d. per 
unit = 2s. (id. per ton of lujuid steel. In addition to this, an allowance of 

108 units is made for heating up the furnace during intervals, t.e. an additional 
cost per ton of 2J-. 8J^/. For cooling the electrodes about 440 gallons of water 
are used per hour, which at id. per 1000 gallons = 5^/. per ton of steel. 

Total cost of power and water = 5^. ']\d. |x:r ton of liquid steel. 

ejOBt of Electrodes. -'I'lie life of the electrodes is 9 charges, and each costs 
4J., i.t'. 12s. per set of three. The cost of electrodes per Idn of steel is there- 
fore \y = ij. 4^., hut these carbons, being nearly horizontal, are very often 
broken during the , charging opcratiQii and in working, and it has been found 
that a safer cost is is. 6 d. per ton of steel. 

Cost of Labour. - A i-ton furnace requires three men per shift, and in 
fjcrmany, where tins furnace is in operation, the wages for the day and night 

shift amount to 301., or ~ Ss. Sd. per ton of steel produced. 

3’5 

Cost of Raw Materials. 'Faking the figures given for a ty[)iral charge, the 
materials used per ton of steel, in additioq to the scrap, are as follows : - 


’ .f (/, 

44 lbs, of hammer scale 17 r. ton 04 

44 Ihs. of lime (a) i2i. ton 03 

17 J Ihs. of ferro-silicon (12 %) (a] 150^. ton ...12 
9 Ihs. of ferro-manganese (80 T>) '<'' 220.C ton . . . 0 1 1 

1 J lbs. of aluminium 12 

Total cost of fluxes and fefro additions . . . 310 


Summary of CostB 

Cost of plant, ^1750. 


Depreciation and interest 063 

Repairs 0 1 1 o 

Power and cooling water ... ... ^ 5 7 i 

Electrodes 026 

Labour 0 8 8 

Raw materials - Steel scrap 370 

Fluxes and ferro-additions . . . o 310 

Management {50 of cost of labour) ....044 

Royalty— not included 

Cost per ton of liquid steel . . • /.b 9 2 J 
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/A n l CTIOX VCR\A CKS 

The characteristic feature of furuaces (les('ril)e(l in llus chai'lct is lluil of 
healing by indiK eel currents. 'I'iie lurn.ices aie tianslomu is, the «ini(nl lu'ing 
induced in the hatli of metal, whicli takes llu' placi' ol tlu‘ s(<oiul.uy \Miuling 
'I'he first inductK^n furnace was patented by Mt S. dc loiianli iii 1SS7, but not 
until 1900 was the princijde ])Ut into comuicK lal use, wlun the lati* 1 >i Kjelbn 
introduced his furnace in (iysinge^ SwctVii. Sc\cial*ni()dili( designs liavc 
been brouglit forwaid, some oj the moie miiiorlanl ol winch aie iiu ludcd in 
the following jiages. 


Thk Kjkixiv Fu knack 

The firsl'Kjellin furnace was designed for a charge of 176 lbs. and re'quired 
78 kilowatts, giving an outjnil of about 600 lbs. in 2.\ hours at an average jinwer 
consumption of over 7000 kilowalf hours per ton of steel. 'I'his was gradually 
improved until the furnace produced, with 58 kilowatts, 1300 to Ihs. of 

steel ingots 111 24 hours. 'I'he charges were about 220 lbs i*a« li, and the time 
between teemings from 3 to 4 hours. 'I’lie luriiace was lined with silica bricks, 
which reijuired rcnewmg*about once a week. 'I'he results of this luinac'e were 
encouraging (although not satisfactory from a commercMal point (d view), and in 
1902 a furnace was started up having an output ol about \ tons m 2.} hours, 
taking 225 kilowalt:? and jiroducing about i ton every tajiping. 'i bis lurnape 
was lined with magnesite, as it was found that the charge in the small fjirnacv 
took up a high percentage of siIk on from the lining. ('I'he magnesite lining had 
a very much longer life, the first lining lasting A weiks ) 

Description of the Furnace.--- 'l lie airangement of the Kjellin furnace is 
seen from Fig. 223, which illustrates one of the stationary type. I'lg. 224 shows 
diagrammatically the elertiic ( ircuits for the lurnace. In principle the furnace 
is a transformer in which the circular trouj.^1 takes the ])la< e of ;; sinj^le short- 
circuited secondary winding, the trough forming the mclung bath of tl^e furnace. • 
'Fhe trough is closed with covers, and the (cntral space within the ruig is 
occupied by a core composed of soft irurt [ilales. 'rhe»<'or(! is surrounded 1^ a 
copper wire coil insulated with asbestos, ( onner led to an alternaijng current 
generator. 'I'he current jiasfing through the ^a>il excises a varying magnetic 
flux in the iron core, and the fariation in thc^ flux iiidiHcs a current jn the 
closed circuit formed by the molten metal in the trough. I he ratio between the 
primary and secondary current is determined by the number fd turns of 
the primary, and the magnitude of the current in the molten metal is therefore 
practically given by the product of the jirimary current ^nd the number of turns 
of the primary coil. 'Fhus, in a small furnace of this type, a current of 500 
volts and 280 amperes supplied to die coil, induces a current ©f 7 volts and 
20,000 amperes in the bath. • 

'fhe Kjellin furnace is in reality a larj^ crucible electrically heated, and the 
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(|ualily of steel produced is governed by the quality of^ the raw materials used, 
since little or no refining is done in the hath. 



Fk't. 223. — Tlie Kjollin Fvrnace. 


Operation of the Furnace. — Wherl starting the furnace, it is not possible to 
fill the trough with broken pieces of pig iron or scrap and melt them down, 
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since the voltage of the induced current js too low to proriucc arcs suthcient to 
bridge the gaps betw'ee/i tiie j^ieces m the chaigt\ Instead, an iron nng must be 
placed in die trough and melted down to Ibrm the hath, or tlie trough must be 
filled with metal already moltep. When working continuously, ilie (nisUun is to 
leave a suthcient amount of metal in the tiough, after taigung out the ( harge, 
to provide a complete circuit in the trougli h*;fore introducing tho next charge. 

The furnace is charged at the cominenceiiu nt ot a lual with a portion of the 
materials, and as this melts, tlie remainder is added from time to nine The 
carbon and silii^on are adpisted by selectiifg materials wliuh will p'loduee 
the desired steel, and by means of s.iitable adduu)ns, spei lal su cK ot almost 
any composition can ho made. 'J'ypic.jl chaiges of malenaU used and data 
regarding the woiking of the furnace are given m (.'hapter XLV on “ Materials 
Used in the hdectnc Process.” 



♦f arp - Mnt»r r,, , mt 
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Fk. 22 :\ niigi ni\ of ric Iri. Tir. uits f . t K i< llin f urna< c. 


• 0 

Working Data and Costs Since the Kulhn fum.rce is mom j)irlicularl>' 
adapted for the production of lugh gi.ade slerl trom jaire materials, tii< 1 osl ;^f law 
materials is by far the most mijioitant factor in the loUil cost of sti < 1 prodim d. 
The process can be com[)ared with the rruril)le proi ess, with 1 ImUiu [> 75 w'er 
taking the place of coke or^g.is. Otneial data relatiiij^ to the- working (d the 
furnace are given below. • ^ . 

Output of furnace; A 165--170 k w. furnace making high graiii. l(jol steel 
will produce about 4 heats of i ton each jier 24 hours 

Cost of repairs; The cost of upkeep of the lining of a r-ton furiuu e is al)(mt 
2J. 6 d. per ton of steel produced. 

Power; When producing* tool steel from good quality pig iron and steel 
scrap, a consumption of about 800* k.w. hours is required \><j ton of steel. 
Assuming, therefore, th.at power can be«j)urch.ised af o-jY. per k.w. hour, the cost 
per ton of steel = jC^ 
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Labour: 3 men are required to work a i*ton furnace. 

Loss of material in melting : The loss in melting a charge of good quality 
raw materials is about 2 per cent. 

The RuciiLiNG-R(3DEMiAUSKR Electetc Furnace 
I n the original Kjellm furnace Jifficulty is experienced with material which 
has to be refined and treated in large quantities. For instance, when a charge 

of three tons or more is 
to be dealt with, the 
section of the bath 
becomes very large, 
causing a low resistance 
and conseijuently lower- 
ing the power factor, 
necessitating the use of 
a generator of low fre- 
(juency. 'i'he processes 
of desulphurisation and 
dephospliorisation are 
also very tedious in the 
Kjellin furnace, as it is 
difficult to keep the slag 
sufficiently Hind for such 
jiurposes. d'o overcome 
these difficulties. Dr. 
Rodenhauser and Dr. 
Schonawa, of the Roch- 
ling’sche Iron and Steel 
Works at Volklinger, 
(lermany, modified the 
Kjellin furnace, the im- 
Iiroved furnace being 
known as the “ Roch- 
ling- Rodenhauser.” 

Description of the 
Furnace. — The furnace 
IS made for single, two, 
or three-phase currents, 
and consists of a trans- 
former furnace after the 
principle of the Kjellin 
type, but with two ring- 
shai)ed baths adjacent 
to, and communicating 
with one another in the 
case of a single-phase 
furnace, and with three 
baths in the case of a 
three-phase furnace. 
Fig. 225 gives two views 
of a single-phase fur- 
nace. The junction of 



the ring-shaped baths is iri the form cf 
doors in front and behind. , 


a square or rectangular hearth, with 
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The principal featiije is a heavy secondary winding of copju'r rallies, jilnrcd 
around and co-a\ial with the primary (one on .‘ach leg of tlie coir), surrownded 
by the rings forming the charged. These clipper secondaries, consisiivg of a few 
turns only, are connected tc^ condurti\e plates built into the furnace wall. 
These jilates are of corrugated cast steel, and coated with a coinjiound of 
magnesite, dolomite, , 

and tar. Although bad 
conductors when cold, 
the plates act as Vairly 
good condiietois wlu n 
the furnace is cbaijud 
with molten metal, and 
leadily allow the cm- 
rent to pass, lly this 
means, about 70 jkt 
cent, of th(' cu/Ani is 
transmitted to the bath 
by induct ion m llie 
ling-shaped baths, and 
the remainder through 
the side jilates. 'I'Ia* 
cojiper secondary is 
]jlaced close to the 
primary, keep the 
jiower factor as high 
as ])Ossible. 

'I'hc ring-shaped 
jiart of the hath is 
covered uith hruks at 
a height below the 
level of the charge in 
the centre liath, so that 
no slag can entel tnto 
the ring baths. 'I'liese 
rings rc{[uire comj)aia- 
tively small repairs 
during a long run, and 
the rectangular bath in 
the middle is readily 
accessihlo and can he 
easily patched. 'I'he 
lining is calcined mag- 
nesite or dolomite, 
mixed with tar aiui 
stamped into position 
hot. Fig. 226 shows 
a three-phase furnace 
which, although still 
used, is being super- 
seded by single and fi'' 226.-— Kuchling-Kodcnha'jscr Thn r.plnsc Furnace, 
two-phase furnaces. 

Operation of the FurnaCe. — After the lining is stamped in, and thoroughly 
dried, the tar is burned out (either by^heating a ctist steel ring jdared in the 
furnace, or pouring some molten pig \ron into the hearth), leaving behind a 
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sintered mass forming a solid basic lining. The furnace is then brought up to 
a high temperature by passing current through the ring of metal or the molten 
metal, untij the furnace is ready to receive a charge. 

Two methods of working are possible: — (i) cold charging and (2) hot 
charging. The former is usually adopted for the production of steel castings, 
and the latter for large quantities of better quality steel than can be conveniently 
obtained from the open-hearth or Bessemer plant. If cold charging is employed, 
the material is charged with the furnace and melted by the action of the induced 
currents and the heat generated by the side plates. When tlie bath is molten, 
the succeeding operation is similar to tha. of refining a molten charge. The 
'addition of fluxes necessary and the chemical reactions involved, are considered 
in Chapter XLIV on “The Chemical Reactions in the Electric Furnace.” 


Cold Prodiution of Steel Castings 

Output and Cost of furnace. — A 2-ton furnace (280-300 k.w.) working with 
common steel sera)), melting and refining, will jiroduce about 8 tons per day of 
24 hours. Assuming 250 working days per year, the annual out))ut = 2000 
tons. 'I'he cost of i)lant ' is ap))roximately ^'2350. Allowing 10 jicr cent, for 
depr('ciation and 5 |)er cent, for interest on caiiilal outlay, the annual charge 
for the above = 15 ])er cent. 01^2350 = ^352 lov od. 

4*. Charge for depreciation and interest |)er ton of steel 

Pw I or. od, . , 

= p, (id. 

2000 


Working Costs (fet ton of Liquid Steel for Carbon Steel Castings) 

Cost of Rejiairs : 'i'iic cost of repairs to lining, plant, tools, etc., is given as 
2s, K)\d. per ton of steel. , 

Cost of I'ower : About 700 k \\. hours are required for melting the charge, 
and an additional 200 k.w. hours for refining. ( I'liis latter figure depends of 
course u))on the degree of refining desired.) At 0*3^/. ))er k.w. hour, the cost of 
power = 900 X o'yt. — 22s, (id. per ton of steel produced. In addition to the 
above, power is required for tipping the furnace and for the fan used in cooling 
the transformer, costing a|)pro\imately id. per ton. 

Cost of l.abour : a to 3 men a:e reapiired to work the furnace, their total 
wages (at 'American rates) being equal to about Gs. 3^/. jier ton of steel. 

Cost ol Raw Materials : The following is given as ly))ical of the proportions 


of materials used : — • 

j. <t. 

560 lbs. bundled scrap ^Gsyiod. per ton . i 

56oJbs. machine shojS and heavy turnings ((^ 381 6 d. per ton . . 9 7i 

1120 lbs. old steel lails iu] 57^. ^d. per ton 28 8 

'Total . . 50 o 

Add loss @ 5 % • . . 26 

, Total cost ... 52 6 


e 

* “Transactions Ameiican Foundrymen’s Association,” 1911, p. 243. 



INDUCTION FURNACES 
The fluxes used per ton of steel average 


Roll scale .... 

. . 22 lbs. 

Lime ....*. 

. . 77 lbs. 

Fluorspar 

. . 1 1 lbs. 

Sand ... 

. . 20 lbs 

Ferro-manganese . 

. . 8-8 lbs.. 


Summary of Costa 

Cost of plant, ^2350. ^ 

Depreciation and interest . ^ 

Repairs and tools . . 

Power for' melting and refining 

,, air cooling, and tipt»ing furnace 

Labour . , . 

Raw materials (steel scrap) . . 

,, „ (duxes, etc.) 

,, (loss of fljjixt'S due to | of tln^ 
nu'^al remaining in the lieartli) 
Management expenses (50 ol labour) . . 

Royalty. ’Not included .... . . . 


,0 ; () 

0 j 9; 

1 2 () 

O O 2 

o 6 3 

212 f) 
o 110 

o o S 


Cost “jicr ton of li<|uid steel 13 \ 
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The following siiininary of co^ts is for a 5'ton furnai e refining hot metal 
from a mixer. 'I'he time required for each heat is about 2^ hoiiis, and assuming 
an output of 40 tons [ler day of 24 houis, and 250 working days [ler year, llie 
annual outimt = 10,000 tons. 

'riie cost of plant' is approx. ^35tO| allow'ing 10 per cent, for dejirecia* 
tion and 5 per cent, for interest on capital outlay, tlm annual ( haige for above 
= 15 per cent, of /3540 =/;53^- 

Charge for detireciation and interest per ton of refined steel 

S D X 20 . 

= — = n. iJ. appiox. 

10,000 * 


Summary of Costs 

Cost of plant, /'35 p. 

% 

Depreciation and interest ...... 

Rejjairs and tools .... 

Pow’cr for refining (280 k.w. hours o\v/. \n'r k.w^ liour). 

,, auxiliary.apparatus . . . 

Labour 

Raw materials (molten metal^rom mixer laktn at 5<^f. ton) 

„ ,, (fluxes, etc.) 

„ „ (oxidation loss ft/) 3 %) 

Cost of refining in mixer 

Management exjxinses (50 % of labour; ....... 

Royalty. Not included ■ . 


4 

o 

o 

o 

o 

o 


f 

7 

o 


2 10 

O 2 

O •! 
O I 2 
O I 


d. 

I 

8 

0 

1 

o 

6 

6 


(Jost ])er ton of liquid sled o 7’ 

• — — 


* ‘t Transaclioas American Fumnlryni^ii’'. A^-oci.ition,” I’jii, g 245. 
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The Frick Electric JFurnace 

Description of the Furnace.- -This furnace difl'ers from the Kjellin in the 
arrangement of the primary windings. Fig. 227 is a sectional elevation, d’he 
primary windings are tlat, and disposed both above and below the annular 
melting trough. The principle of working is similar to that of the Kjellin 
furnace. . , , ' . 

The following particulars arc given ' of a lo-ton P'rick furnace installed at 
the works of Messrs. Fried Krupp. The furnace is used for melting down good 
quality materials for- the manuhicture 'of high class steel, and is usually run with 
an 8i ton charge, of which 64 tons are tapped and the remaining 2 tons left in 
the furnare for the mamtenairce of the circuit for the next heat. The outside 
diameter of the furnace is 14 (ect, and the annular bath is 9 feet outer diam. and 



6 feet 4 inches inside diam. I'he primary current used is 5^°^ volts, at a frequency 
of 5 cycles per second, the current being 265 am[)erts. 1 he power factor of the 
circuit is 0-528. The calculated current passing through the bath is 52,000 
amperes, and the resistance of the Ijiith 0*0002 ohm. 

Operation of the Furnace. 'The time taken per heat is 64 hours ; during 
the first hours the materials are charged into the furnace at the rate of \ ton 
at a time, whilst the remaining 2 hours are occupied in heating up the bath and 
ref.ning the steel. 

'I’he ])6vver consumption pep ton of steel produced averages 617 k w. hours. 
The power supj)ly of '590 kilowatts is absorbed as follows : -1187 kilowatts to 
maintain temperature of furnace (/.c. in counteracting radiation and conduction 
losses), and the remaining 403 kilowatts are employed usefully in melting and 
refining the materials in the bath. 

During an 8 weeks’ run, this furnace made 180 charges, giving an output of 

1150 tons. 1 • j 

'The following are two analyses of steel made and the results of tests obtained. 
No data is given of the composition of the mater als charged, but since the 

' “ Iron and Coal Trades 4^eview,” Aug. 26lh, I9m» P* 3^^* 
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furnace is used for the production of hi^h j^rade steel from good quality materials, 


very little refining is 

appArently carried 

out. 
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TiIK IIlOKl'II I-'LI'CTRIC Fukwci-: 

Mr. Hiortli constructed and |)atcnte(l a siH'cial l> p(‘ of oKcliu' liniuua'of q tons 
capacity and ])Ut it into oiieratmn I'a/ly in 1910. In many platas on the west 
coast ot Norway, eUclric ( urrent can l)i‘ developed Irom watn powi i at a total 
installation cost of ^,'5 to ,/Y) per horse-power, and at a total woiking cost of 
17^. per h.j). year. 'I'ne plant at Jossingfjord, wlu'ie the lurnaci; is lustalleil, 
comes within these comlitions. Single-phase current at 250 volts, 12 5 <')('les, is 
generated. 

Description of the Furnace.— 'I'he 5-ton furnac<' at j>rescnt in ojx-iation, is a 
double-channel induction lurnace yith tlu' jiriinary consisting ol lour (oils con- 
nected in series. 'I’he iqiper cods are concentric with the heating ( haiiiu Is, and 
are suspended from pulleys with tlexible connections. When the lurnace is in 
operation, the coils are close against llu‘ coveis of tlu' chaniuls, hut (an be 
raised about 24 inches when the covers are to be removed. 1 he upjx r coils are 
un-insulated bare cojiiier 1 )ars, coih-d spirally. 'The lower coils .iie hollow' 
w'ater-cooled copper conductors, and are embedded in tlu* magnesite lining ol 
the furnace, about 16 inches beneath the bottom ot the chaniK Is. 'The sjiaca' 
between the magnet 'and the liiiiKU'e w.dl is about 12 m< lies, which .illows the 
magnets to be bolted firmly to the lloor, while at the same lime the lurn.ic.e c.in 
be lipped for pouring. 

The junction of the two channels is 12 inclu s wide in the middle' and 76 
inches long from back to front, furnishing siilfu lent space for reim lting ingots or 
other scrap. Four views of the arrangement are given in hig. 22.S. I'he 
furnace is lined with burnt magnesite', and the covers tonsisl ol siIk a slabs. 

The furnace is used cliielly for the production of stee l of high grade, crucible 
quality, the purest .Swedish Dannemora pig-iron and Walloon iron bi/ing iisccl. 
Blast furnace slag from tiie Dannemora hirnaca's is used as a Ilux, mixed With 
iluorspar if greater lluidity is reepiired. 

Operation of the Furnace. When working furnace up to its lu !4 eapaciiy, 
3 tons are ])cmrc‘d at the end c^f the heat, and 2 ^rns are* hit to start the next 
charge. 'I'he Dannemora pig-iron tiscd has an analysis cd': — 


C 

Si ' Mn 

S 

p 

3*8 

o'3i 1727 

0'025 

0*02 j)cr cent. 

and the Walloon iron 

an analysis of : — ^ 



C 

Si Mn ^ 

S« 

P 

0*107 

o'oi3 0068 ^ 

0*010 

U O09 pc:r cent. 


* 


2 t* 
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l*'n:. 22S.— riie Hiorlh Furnace. 


Tht following paiticulars iilustrale lhe *vorking of a charge in the furnace. 

< ! 

12. 201). 111. furnace, 6^00 lbs. of previous steel (ro per cent, carbon). 

(ciiargcd^2 2oo lbs. jiig-iron and 1100 lbs. Walloon iron. 
' Current switched on. 

i2’3o.p.iii. Current 1800 amps, 273 volts, 380 k.w.; power factor = o’;;. 

1.30 p.m. 1840 „ 273 „ 395 „ „ = o*8o. 

2.0 p.m. ., 2050 „ 265 „ 380 ,, = 0*70. 

2.30 p.m. Charge melted. Average power 380 k.w. for 2 hrs. 10 mins. 

= 560 k.w. hours ppr ton of metal melted. 

2.30 p.tn. Charged;;© lbs. pig-iron and 2530 lbs. Walloon iron. 

3.30 p.m. Current 2275 ^70 volts, 400 k.w.; power factor = 0*65. 
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4 30 pH). Cliai^x* mellcd. Avcra^^; curr( nt }oo k.w for 2 hours = ^40 
k w. hours |>ei ton ol nu tal nioltr<] ‘ * 

5.30 p.iii. ( 'urrent'2370 amps, 265 volts, 3<^5 k \v. ; jjowcr fa( lor* " o 6^ 
6*0 p.m. ,, 242s V, ^ 278 ,, 40^ 59 - 

6‘i 5 p.m. ,, 2300 ,, 280 365 ., „ = 0 ^ 7 * 

Mcl.il now ^at casting temperature, ('urrent use(l .averaged 
395 k.w. for 6 iKJurs, or 805 k.w. hours |)<jr ton of steel. 
During the heat there were added to tlie hath, 77 lbs. of 30 per 
cent, ferro-silicon, and 19 lbs. of *80 [)er cent, ferro- 
manganese. ,One-tljird of a pound of aluminium was added 
to the ladle. . , * 

The labour required on the furnace pe‘r^24 hours is : one head melter, one 
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helper, and one boy on each 12-hour shift, also one ladleman and one helper on 
every alternate 12-hour shift. The output of the furnace is 12 tops in 24 hours, 
tapping a 3-ton heat every 6 hours.' When in tegular operation 790 k.w. hours 
are used'per ton of cold material melted. 

The Paragon Electric Furnace 

This furnace was introduced by the Gronddl Kjellin Con, with the object of 
combining the best features of the arc,, induction, and resistance furnaces. By 
heating the bath of metal by carbon electrodes above the bath, and metal 
terminal plates bull^ into the furnace 'lining below the bath, it*is thought that the 
most advantageous conditions will be obtained. The furnace is still in the experi- 
mental stage, and no information as regards its commercial value can be given. 



CHAPTER XEl 

, A/^C RESISTANCE FURNACES 

In this chapter are described the chief furnaces of the type wliere the heat is 
generated by means of arcs produced between the points of carlxui eleetrodcs 
situated just above the slag line, the current passing through the slag or surface 
of the metal and, returning to the source of supply by means of one or more of 
the electrodes. The most important of the are it'sistance furnat ( s is th^it 
introduced by Dr. HeWlt in 1902. Fig^ 229 shows •the arrangement of a 
modern 5-ton three-phase furnace wifli e(|uii)ment. 

The Heroult Electric Furnace 

Description of 15-ton Furnace.— The construction of tlie IKhoult furnace 
will be more readily understood from the particulars, which follow, of a 15-lon 
furnace installed at the South Chicigo Works of the Illinois Steel Co., IJ.S.A. 

The furnace shell is of steel plates i inch thick, nvetted together, forming in 
plan a circle 13 feet 6 inches diameter, flattened at the front and bac k. To this 
shell is fastened a toothed segment which gears into a stationaiy rat k fixed to 
a concrete bed, 5 feet ^bove the ground-level. T'he segment has an arc 
of 10 feet radius, and gives a yiaximum tilting angle of 29 deg. to tlie furnace. 
To the back of the furnace is attached a hydraulic plunger 18 im lies diameter 
by 4 feet stroke, \\i114h works at a pressure of 500 lbs. per stpiare inch. 

'i'he furnace is lined with one 4J inch course ot magnesite brick on tlte 
bottom, with verlit al side walls of magnesite, 18 int.hes thick. 'I'he hollfoin ii? 
composed of dead burned Spaeter magnesite^ 12 im lies deep at the centre, 
sloping upward towards the edges to the form of the surfa< e of a sphere, 

7 feet 2 inches radius. 'I'he removable roof is composed of silica brick, 
12 inches thick. I'here are 5 doors, 2 on each side and i m the front over 
the pouring spout. I'he side doors are oj cast-iron lined with firebrick, and 
are operated by steam pressure. • • 

'fhe furnace w-orks on 3-phase current, arid' the 3 electrode!^ form in * 
plan the ajicxes of an equilateial triangl*: of 5 feet 2 inch si<]e. 'The electrode 
holders, whi( h arc arranged to «ariy 24-inch eIectro(fes (cm the e(iuivaleni in 
electrodes built up of smaller sections), are constructed of co|)()tr castings, 
bolted to the busbars. 'I’hey ar^ regulated by §n autmnatic device, by hand, 
or by controllers as desired. ' 

For this particular furnace the power is generated at 2200 volts, 3 phase, 
25 cycles, and stcjiped down at the furnace by means of three 750 k.w. trans- 
formers, which may be adjusted to give secondary voltages of 80, 90, 100, or 
no as desired. Ordinarily, 90 volts is used. 

Fig. 230 is a photograph of the ^5-ton furnace at the American Steel and 
Wire Co.'s Works, Worcester, U.S.A.,. which is simil.>r to the furtiace at South 
Chicago, described above. * 
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• • 

Co/s Works in Germany,’ to work in conjunction with a 25 ton Iks^lukt 
converter. • 

The majority* of the Ilcrciilt lurnac«^ at work aie of smaller (.iparitv, 



i.€. from I to 7 tons, Init the general princijile and constnic^ion of each is 
the same. * » 

Operation of the Furnace. 'I’he l^i^er sizes of furnaces are working on 


Fig. 270 . — l^-ton Hcrouk Furnace at Worcester Plant, American Steel and Wire Co., 
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molten metal charges, i.e. refining Bessemer or open-hearth metal for the pro- 
duction of better quality steel for rails, axles, wire, etc. Some of the smaller 
furnaces arc used in this way, while others are Ticking scrap for thb manufacture 
of steel for castings, tools, tubes, etc. 

In starting the furnace, the lining is first ' thoroughly dried in the usual 
manner, and the lining gradually brought up to a high temperature by means 
of coal or coke fires, ready for th^ reception of the charge. If cold charges are 
being worked, iron ore, lime, and scrap are charged into the furnace, and the 
curretit switched on. When ihi scrap becomes molten, the*' refining is carried 
out in a similar manner to that adopted ,^vhen working molten charges. 

The following is a description of the operation of the 15-ton furnace at South 
Chicago ; As the bvown metal is being poured into the electric furnace, the 
workmen shovel in iron oxide and lime through the working doors. In this 
way a basic oxidising slag is produced, which serves to remove the phosphorus. 
After about 30 minutes, this slag is raked off and the recarburiser added. On 
to the bare surface of the oxidised metal, lime is then quickly added, with 
sufficient fluorspar to keep the mass fluid. At the end of about 15 minutes 
this lime is melted, an^ coke dust is thrown upon the slag, 'i'he atmosphere in 
the furnace becomes neutral, and W?icn the slag reactions have been sufficiently 
carried out, tests are taken, and if these are* satisfactory the electrodes are 
raised from the bath and the contents of the furnace poured. 

The following particulars relate to a typical charge : — 

Tapped previous heat from furnace 
Metal oidercd for and received . . . 

Began fettling ^ . 

Current on 

Slag off began 

,, ,, finished 

Tap (led 

Materials used for typical charge : — 

Blown Bessemer metal 

Mill scale 

Terro-manganese (80 ) 

Terro-silicon (10%) 

n. (50%) 

Recarboniser 

Fluorspar 

‘ Coke dust 

‘Lime — first slag 

,, second slag ........ 

■ Dolomite (for repairing) 

Magnesite „ 

The bloivn metal from the converter averages . 

C ' .Si Mn ' P S 

0*05 to 0*10% 0*005 to 0-015% 0*05 to 0*10% 0*095% 0*035 tOO-07%. 

Tiselve heats are usually made per 24-hour day. When both desulphurisa- 
tion anddephbsphorisation are necessary, the consumption of electrical energy is 
about 190 k.w. hours per ton ; inhere, however, the charge is low in phosphorus, 


a.m. 

7.0 
7-C^ 

7.17 

7.27 

8.0 
8.1 1 
8.48 


lbs. 

30,000 
. 700 

200 
60 
. 80 

• ^30 

. 400 

200 
600 
. 600 

. 400 

• 25 
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the consumption is 100 to 150 k.w. hours per ton. Fig. 231 shows chart of 
power consumption duriag the refining of a hot metal charge. 

Working Costs, i^-Ton Furnace. Refining Molten Metal 

The following costs of the working of furgiacos of this caj^acUy liave been 
prepared from data in our possession. 

Output and Cost of Plant. — The furnace makes an a\erage of tj hea^s per 
24 hours, and assuAiing 280 working days per yt*ar, the annual output of refined 
metal = 12 x 15 X 280 := 50,400 tons.* 

An estimated post of a 15-ton furnace, (but excluding tjansformers or gene- 
rating plant), is ^3000. This does not include foundations, buildings, hydraulic 
supply, etc. Assumirtg that the cost of installation is /,'6ooo, atui taking 
depreciation at 10 per cent., and interest at 5 per cent, on cajiital outlay, the 
annual charge = 15 per cent, of ^'6000 = /,9oo. 


^rooo 



9 to 9 0 6 50 Q -40 6 30 6 20 6 10 6 0 750 7 40 7 30 7 20* 7 fi/ 


Time , 

FlO. 33f.— Power Cliart, sliOA'intj r«>nsurnplion of I*‘lectrjc ( \inent ihuiii}' Kd'ininj; of Hot 
Mrtal in Hdoiili I'urnac*' 


/. Charge for depreciation and interest |^r ton ol steel refined ^ ^ 

ooo X 20 , , , » 

= ^ approxinutlely , 

50,400 * 

Cost of Repairs. — A silica roof costs about jQii lor. or/., aipl lasts’for 
100-150 beats. • • 

Taking an average of 125 beats, the cost of r(A)f repairs per ton ol stec^ 


^12 I Of. 6 d. 

125 X 15 


= approx. 2(i. 


The bottom of a 1 5-ton furnace lasts about 4000 to 5000 heats, with ordinary 
fettling between each heat. An estimate of general and ordinary repairs to 
lining, roof, and mechanical parts of pftint is placed at 9//. per ton.* 

Cost of Power. — From 1 00-150 hours are 'required per ton of steel 
refined. Taking an average of 125 k.w thours at o‘3</. per unit, the cost of 
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power per ton = 3^. (The charge for electricity used by the 15-ton furnace 
at South Chicago is \d. per k.w. hour consumed.) ( 

Cost of Electrodes.— From 10-/4 lbs, of carbon electro^des ire consumed 
per ton of steel. Taking the cost of electrodes at ^14 per ton {t^d, per lb.), 
the average cost of electrodes = is. (yd. per ton of refined steel. 

Cost of Labour. — One mellef, one hel[)er, and one labourer are required at 
the furnace, additional help being given when the furnace is being tai)|)ed and 
chained. No definite scliedule of wages has yet been fixed for electric furnace- 
men, and each works settles theTates of pay to be adopted. 'An estimate of 9/ 
per ton for labour is therefore made. •• 

, Raw Materials. —Allowing 50^. per ton for the cost of the molten pig iron, 
and 12^. (yd. per ton'dor the partial relining in the Ilesseiner converter or open- 
hearth furnace, the cost of the partially refined metal delivered at the electric 
furnace is taken at 62^. (d. per ton. 

Fluxes and ferro-additions : at the proportions given in the typical charge 
set out on [lage 440, the cost of these materials per ton is taken at gi. 

’ Summary of Costs 

Cost of iilnnt, ^6000 a})[)rox. " 

Depreciation and inteiest 

Kejians . . . , 

Power 

Klertrodes 

Labour ... 

Raw materials ([)ig iron) .... . . 

„ ,, (cost of partial refining) . . 

,, ,, (fluxes and ferro-additions) 

Loss of metal 

Management expenses (50 per cent, of labour) 

Royally— not included 

» Cost per ton of liquid steel . 15 


Work'uig Costs. 2\don FtirtuK'o producing Stool fiom Scrap for Stool Castings 

Assuming a 2A-ton furnace to be installed (which is a fairly common si/.e for 
use in small foundries), and working night and day shifts, 4 heats can be 
obtained jier 24 hours. The average time per heat for melting and refining 
is 5 hours, a)thoiigh much f;lei)ends upon the rtuality of the scrap used and the 
finished product rccpiired 

Output and Cost of Furnaco.-^A 2i^-ton furnace (excluding transformer 
or* generating plant) costs about ^Soo. Taking the cost of the installation at 
;^^2ooo — hssuming that power L siqiiilied to the fyrnace from an outside source — 
and pllowmg 10 per cLnt. for depreciation aqr! 5 per cent, for interest on capital 
outlay, the annual chaige on this account =15 per cent, of f^2ooo = £$00. 
Working 260 days per year at 4 heats per day (24 hours), the annual output 
= 260 X 4 X 2j^ = 2600 tons. 

Charge for depreciation and interest per ton of steel 


£ X. d 
o o 4 \ 
009 

03 

o I ' 6 
009 
210 0 

0 12 6 

0 3 9 
020 
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Summary of Costs 

Per ton pf licjuid si\?ol for carbon stool ( wstin^s. 'Flic following costs have 
been compiled fioin data in ou) ix)sso''sion : — , 

Cost of plant, ^2c^o appiox. 


Depreciation and interest . . i . . . . o _• 
Repairs to \NalIs, roof, and niecb.inual plant 

(roof lasts about So heals) • , • • - 

Power, 750 k.w. hours at o’p/. jKr unit . o iS 
,, heatinj^ u[) at weelv-l'iuls . .01 

Eleckoiles, 30-40 lbs. (a\era^e 35 lbs ) at 
per 11) 

Labour “i nielter, i beljier, and 4 labomois . ' 

Raw materials, 19 cwt. scrap at 55f ton . ( 

,, ,, 2 cwt. pi^-iron at 65 \. ton . I 

* ,, fluxes and b rro allovs o 

Matia, foment expenses (50 per cent ol l.dioui) o 
Royalty— not included 

Cost fn-r ton of li(|Uid steel . 


S 

(> 

iS 

I 


Tills CUTT.S lsLl>( TKO-BI'SSKMKR l't'KN\('l'. 

This fuiwace has been designed with the object of combining tl 
and electric j»rO( esses, 


le bessemer 


by refining Bessemer 
steel in the same fur- 
nace with the aid of 
electric arcs, thus avoid- 
ing the necessity ol 
transferring the blown 
metal from the con- 
verter to an cil’otric 
furnace, as is done in 
the ordinary duplex 
process. 

Description of the 
Furnace.- 'the furnace 
shown in Fig. 233, is a 
closed vessel mounted 
on trunnions, having an 
opening on one side 
through which the 
charge is introduced and 
the slag withdrawn. One 
end of the furnace is 
fitted with blast tuyeres 
for “blowing”; at the 
other end electrodes arc 
arranged, which pass 
through the furnace 
lining, and are adjusted 
by the ordinary inde- 
pendent methods, either 


i : 




\ ,■ ,/ 



FlCf, 2 ^:^ — Cults hlectrO'Bcvscincr 1‘iirn 
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electrical or mechanical. The electrodes are fitted with cooling jackets of cold 
air or water. A tapping hole is provided at the electrode end of the furnace, 
whicli may he used for the removal cf the finished product if desired. 

Operaiion of the Furnace.— The furnace is pre-heated in the ordinary way, 
and is then charged with the molten metal direct from the cupola or blast 
furnace mixer, the furnace being jireviously lilted into the horizontal position. 
It is then brought to a vertical position with the Bessemer portion containing the 
charge. The blast comes into action as this position is reached, and the process 
of conversion proceeds as in tht ordinary Bessemer convertor. Meantime, the 
electric portion of the furnace is heated l^y the hot gases, etc., evolved from the 
blow. On the completion of the blow, the furnace is rotated through i8o degs., 
and the metal transferred to the other end. The current is switched on, and 
the refining o[)eration carried out. 

It is claimed that tlie utilisation of the flame from the Bessemer operation 
heats the hearth to such an extent where the electrical refining is carried out, 
that a considerable saving of electrical energy occurs during Uic second stage of 
the process. If the phos])hoius content is low when the electrical operation 
commences, the energy consumption is said to be less than loo k.w. hours per 
ton of steel produced. If, however, both cksulphurisatioii and dephosphorisation 
are to be carried out, about 190 k.w. hours per ton of steel are consumed. 

The Rutiienbukg Electric Furnace 

Description of the Furnace.- T'his furnace is designed for three-phase 
alternating current, and the ends of the electrodes are immersed in the slag, the 
voltage being below that necessary to procluc-e arcs. T'he general arrangement 
of a 12-inch electrode furnace is shown in Fig. 233. The furnace is cylindrical, 
and is built up of mild steel plates, lined \sith an acid or basic lining as 

desired. , . , , , , 

T'he hearth is removable, and when the melt is completed, a hydraulic ram 
is brought into contact with the underside of a, truck fixed to the hearth, the 
hinged bolts are released, and the hearth is lowered and carried away on the 
truck, the steel being iKHired over the lip at one side by tl,ie>aid of a crane, see 
fdg. 234. The repairing of the hearth is easily carried out, and if a new lining or 
‘extmisive reiiairs are requned, a spare hearth, kept in readiness, r an be (juickly 
substituted. The time requiied,for lowering the hearth, pouring, and replacing 
is about 12 minutes. 

T'he electrodes are protected by water-jackets, ^\hlch extend to within a tew 
inches of the bath. By this means it is claimed that the fritting experienced 
with unprotected electrodes is avQ,’ded. The electrode holders are made the 
same size as the electrode?, so that the whole of the electrode may be fed 
tiiiqugh Ihe jacket, resulting m 90 per cent, being available for use. By the 
foregoing means for utilising the ekxdiodes, the original necessity for bringing 
th6 tuinace cover near to the heat /one is avoided, and conseiiuently the furnace 
is constructed \Mth the crown ,n a considerable .height above the level of the 
bath.,. One furnace, w^uch hac been at work /or three years, has not yet had the 

crown renewed. , ■ • . , j 

Operation of the Furnace.— Before the charge of metal is introduced, a 
bath of slag is first' melted in the hearth. Low carbon scrap in compressed 
bundles is then chaige^i at the side door above the bath, whilst light scrap is fed 
in through the hopper at the top. Big iron with scrap, or ore, can be melted 
and refined ip the furnace if desired. The slag can be tapped off if necessary 
through the pouring lip ofthe hearth, the hole being opened with a bar in the 
usual way. , 
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The process, worked usually with cold scrap, is almost entirely a melting one, 
pure materials being clfargcd in such proportions to give approximately the 
desired final analysis. The fur^iace is * • 


operated by current of constar^t ampe- 
rage, as opposed to the ordinary supply 
of constant voltage. This enables the 
voltage to vary with the resistance of 
the bath, and once a bath is established, 
the power demancf remains practically 
constant. It is stated that the powers 
factor of this furtjacc is about 90 per 
cent. 

Working Data and Costs.— A i-ton 
furnace has lo-inch electrodes, with 
hearth 48 inches diam., and bath of 
metal about 6 inches deep. A charge 
of mild steel scrap takes 4 hours to 
melt, which at 250 kilowatts = a con- 
sumption of 1000 k.w. hours. Workiftg 
with pig and scrap or pig and (?re, this 
figure would be somewhat lower. 

The cost of maintenance of the fur- 
nace amounts to about 2s. i)er ton. 
The consumption of electrodes amounts 
to 25 lbs. per ton of steel jirodiiced, 
which at iJ. per lb. = 4f. 2</. *I'lie 
labour is confined to the head melter 
and the common labour re(iuircd to 
charge the scrap and jiour the steel. 

The cost of the furnace is afiproxi- 
mately £100 per i inch diam.* of elec- 
trodes, />. a I'ton furnace having 10- 
inch electrodes wbiild cost, approxi- 
mately, ;^IOOO. 



I'U'. 233« — The Kulhenburg l uni.ife 


The Gin Electric Furnace 

The Gin furnace is not so much a 
new type of furnace as the ajipheation 
to existing types of an arrangement 
which has bet n designed with the 
object of circulating the metal in the 
bath. 

Various methods havti been adopted j , ; 

by inventors of electric furfj’aces for 234 j-Romov^blc Ikarth <4 Kuilu nburg 

circulating the molten metal so tliht it hurn.-ue, showing Method of Tij)i)iiig Olurgc" 
may all in its turn come into contact 

with the refining slags. With a view to solving tins difficujty, the Gm furnnee 
has been introduced, the arrangement of which can, it is claimed, be ai^phed to 
both induction and electrode furnaces. 

Fig. 235 shows its application to an electrode furnace. Dejiendant upon 
whether single phase or three phase ci^rent is employed, the furnace is arranged 
with two or three hearths, one benea’lh >each carboA electrode, ami these are 
connected together below the level of the molten metal in them by inclined 
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channels. The current passing down one electrode, traverses the bath, passes 
through the connecting channels, and out through the ottier bath and electrode. 
It is statec], that by reason of the heal! induced vi the connecting channels, and 






Fk;. 235. -The dm Furnace. 


the dilTercnce in level between their ends, the molten metal rises in them and 
passes from one hearth to the other, with the reside that a continuous ciiculation 
is set up, which tends to maintain the metal at an even tempeiature. 



CHAPTER XUl 


COA/B^'ED ARC AND RE^^ISTAM'E Fr^l^WXCES 

The type of furnaces (fescribed in this chnj)ler embodies the combiiu il features 
of arc and resistance furnaces. In sucli lurn.ices, ciirient is eairied through 
electrodes suspended over the metal, thiough \viuch it jusses to ])ole pieces, 
or electrodes huil^ ^nto the sides oi liottom of the furn.ieie It is claimed by 
makers of these furnaces that the metal is heated more unifoimly than willi ait 
resistance furnaces. Owing to tiie ve^y smail resistance, Tiowevei, wliicli a hath 
of metal sets up, the heat prodij^ed by the passage of <111 rent ihriuigh tlie hatli 
is very small compared with the heat of the ai(\ and conseijiK ntly hut little 
advantage can he obtained by this means. A dilherence of opinion ( \is(s as to 
the advantage or otherwise of po^e pieces built into the lining of a (urna(e. 
Simplicity of design is, however, of great importance, if these fuinaees are to he 
of real jiraclionl and commeicial value. 

All furnaces described in this chapter are more or less modiCnations of Sir 
Wm. Siemens’ original furnace, illustrated in Fig. 220 A, p. >'ud many ol the 
designs are jiraclically the same, hut for small details intioduced with the ohjtcl 
of promoting more etlicient working. 

The (ilKpI) I’dda TKIC PURNACE 

Description of the Furnace. 'The arrangement of the (iirod fuinare will he 
seen from Fig. 236,*wkich illustrates a furnace (jf 2\ tons < apai'ii}’. 'The fuinaci^ 
consists of a shell, built up of stiel j>lates (circul.ir or ret t.ingulai in plan), ^med » 
with basic material, and provided with doors in the walls for ch.uging, teeming, 
and slagging. 'Ehe whole is mounted ii|)on a cAidle and lipped elestiically or 
hydraulically. I'he roof is composed of silua bricks, with w-liich c.ist-iron 
water-cooled flocks are built, and through which tiu* eh clrode or electrodes 
pass. The number of electrodes is determined by thesi/e <jf the furnace. 'I’he 
current, which may he either continuous tr alternating, enters by th^ upper 
electrode (or electrodes), ares across the gap hetweeu the end of the gle'ftrode 
and the slag, traverses the metal hath, and Jjasses out through steel jxih; pieces 
built into the bottom of the furnace, 'llu-se steel pole jueres are in direct 
contact with the hath, a^nd her'ome molten at their extreme ends )vhi n the 
furnace is w'orking, while their (-uter ends are w.ili f-( ooh.d as shown in I ig. 237. 
Since all the arcs are in parallel, the furnace work'^ at a low vf>ltage, /.c .>l)out 
50 volts. 'I'he carbon electrodes are fitted with hand and automatic regulators. 
The bath is heated both by the arcs and by the resistance set up by tlie slag 
and metal to the current passing through them, hut by far the greatest .amount 
of heat is obtained from the arcs, which presumably set. up the circulation of 
the bath necessary for the refining reactions. 'Fhis furnace is used for the 
production of steel from the colcFchargO', or for the refining of molt‘'n metal. 

In early designs, the electrical cohngctions were* airanged as shown' in 
' “ Stahl uiul Eiscn,” July 2olh. 
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Fig. 238 (a), with the object of connecting up the furnace to the supply with as 



fa). (l^J- 


Fig. 238.— Electrical Connections for Girod Furnace. 

little expenditure on cable as possible. This resulted, however, in the arc being 
deflected towards the side indicate^' by the arrow, and consequently the bath 
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was not heated uniformly, and also, the lining on the side of the furnace most 
exposed to the arc was fapidly de-ttroyed. With a view to remedying this, the 

arrangement of cables shown in ^^'ig. 2 38«(/>) * , 

was adopte*d, but here again )hc arc was fr~ ^ 1 1 , 

deflected to one side with the same results | ] I J L^j 

as before. In each of these cases the steel <, j 4 -^ ! 

pole pieces were insulated from the furnace j I ; ' j 

shell. In the latest design, the connections' j I 

are arranged as irP Fig. 238 (<), the return 'j , J 

current from the bottom electrodes Lpmg , \ H / 

tapped from the furnace shell (which is W 

contact with the pole i)ic('es) above the 11 

metal bath. 'I'his h.fs resulted in a more [ — ^ 

uniform heating of the bath, and a longer ' 1 d 

life of the walls and roof In addition, it is r\ K\ i. K\ 

stated by the invefitors that a swirling arc ^ ^ 

is formed which hws up the bath, the con- ' ^ I ' * 

sumption of electrodes is more uniform, and ^ . 

a saving of cm rgy of about 10 pe(* cent. I | I *^1 

over the original method is cHm t< d. b'lg | 7^ v --y - 

.239 show's a diagram of the elcctiic circuit M.o.u ( ,Kuit : 

of the furnace. (.u.mI 1 um.ico. 

The si/c of the furnai e and the time 
between sii('C(».ssive beats, the condition of the < bargt' and the (|nabty of the fiinl 
product, have a considerable beating uj»()n the (ousumption of t iK igy. W ith a 
furnace of 3 tons nommal ca{)acify, working with ( h.uges of varj ing weight 
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O lit p lit in tons 

Fig. 240. — Energy consumed per ton of .Sled RLfinc<l : Oi^^od f urnace. 


refining molten open-hearth steel, the giergy consumption for bc.st^ quality and 
medium quality steels is given in Fig. 240. The valuer plotted are the results 
of actual working, 


2 G 
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Either magnesite or dolomite is used for the lining of the hearth and walls, 
the roof being of silica bricks. , « 

Operation of the furnace. — TheVehning of ^ charge in thefurrface is divided 
into two periods : — » 

(1) The oxidation period. 

(2) The deoxidation period. , 

If a cold charge is being w'orked, the scrap is melted down until it becomes 
liquid, and the temperature attains' that of a charge put into the furnace hot. 
Ore is then added gradually to t'le bath, and the carbon, manganese, phosphorus, 
and part of the sulphur are oxidised, ^bhe oxidising slag is withdrawn at the 
end of this period, and the last removable traces of phosjihorus are removed by 
means of lime. 'I'hc deoxidation and desulphurisalion are carried out by the 
addition of lime, sand and fluorspar, ferro-silicon, and petroleum coke or waste 
pieces of carbon electrodes. As soon as the slag is fluid and free from oxide, 
the additions of ferro-silicon and ferro-manganese are made, and the charge is 
poured. 

' Output and Cost of Furnace. — The cost^ of a 2,i-ton furnace, including 
regulators for the electrodes, measuring instruments, tilting mechanism, and 
conductors from the furnace to dynamo or transformer if placed near the furnace, 
— approximately. A i2.\-ton furnace \tith similar outfit costs ap[)roxi- 

mately ^^1200. The output of either si/c of furnace d<-Tc*ids of course upon 
whether it is being used for melting and refining, or refining only, and also upon 
the degree of refining recjiiired. A 2.\-lon furnace melting cold pig iron and 
steel scrap, producing good quality steel castings, will produce a heat in about 
6 hours, or 4 heats per 24-hour day. A furnace of this si/.e would therefore 
give an output of about 50 tons of liquid stetl j)er week, or 2500 tons per year 
of 250 working days. 

Assuming the furnace to be supplied with current from an outside source, 
the cost of installation of a 2^-1011 furnace would be about Allowing 

TO per cent, dejireciation and 5 per cent, interest r on the outlay, the annual 
charge; for depreciation and interest = 15 per cet?t. of £^2000 - /,'3oo. 

Cliaige for deiu'eciation and interest per ton of liquid steel 
300 X 20 _ 

= - ■ — sj. 

' 2500 

( 

Costs {per Ton of Liquid Steel for Ceiihon Steel Castinj^^i) 

Cost of Repairs.— Tlie figure of 12^. per ton is given - for the '^ost of upkeep 
of furnace and wear and tear of plant. The intense heat of the arcs necessitates 
frequent repairs to the lining, and renewal of the brickwork of the walls and 
roof. When used for refilling only, a 2.i-ton furnace roof will only stand from 
60 to 70 heats, while the walls musp be rebuilt after 120 heats, at the end of 
which time the hearth must be thoroughly repaired, ddie cost of a dolomite 
lining fof a 2^'ton furnace is,, about ^'17 lor., and a magnesite lining, ^{^35. 
The cost of lepairs and upkeep ivill be taken as 'lar. per ton of liquid steel. 

Cost of Power. — The consumption of power for a 2.i-ton furnace when pro- 
ducing good quality steel from common scrap is 8oq to 900 k.iv. hours per ton, and 
allowing 10 per ceiU. loss in the conductors, the figure of 1000 k.w. hours per ton 
is given. With selected scrap, which ivill give the required analysis of steel when 
melted, and thus reduce the refining operations, the power consumption varies 
from 650 to 750 k.w. hours per ton. This necessitates, of course, the use of 

^ “ Joufhal Iron and Institute,” 1910, I, p. 151. 

* ‘ Foundry Trade Journal,” 1909, p. 150. 
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purer materials, so that, although the cost for power is.Miereby reduced, an 
increased cost on mat^ials is equalled. For refining thud open hearth or 
Bessemer meftil, li»e ])0\\er consumption .is*al)oui 303 to 3^0 k.w. luuirs pei ton. 
Fig. 241 shftvNS the fluctuations in current during a heat. * 

It is interesting to note that a 2.\-ton furnace ha\ing one carbon electrotie 
and 6 hearth poles, requires about 4A gallons t^f water per minute lor cooling ilie 
carbon electrode in the roof, and i j gallons per inimitt* for cooling the poles in 
the hearth. This water ahstr.acts an amoufit of heat from the Imnace equal to 
13*4 k.w. hours pc« ton of steel, when the funfhee is iisetl lor refining nTolten 
metal. ^ 

Jaking 1000 Lw. hours jicr ton ns ihe^consumption for nitlling and refining 
common scrap and producing good (jiialuy sltel tor casin!gs, and with power 
taken at o'^d. ptT unitf the cost ot power per ton of luiuid steel — 1000 x o'p/. 
= .3^1 5^- 

Cost of Electrodes.- 1 he cost of eicctiodes per ton of st('el prodm ed is 



Fc-. 241. — I’dX* I ^ I’liicluatK-ris ilunng ll( i( (.itd<l K( lining ( li,ii);i’. 


given as 41. if tlie furnace is used for m< limg and rdining < ommon s('rap, v 
if melting good quality S( laji, and is. ;</. it refining molten mel.il. 

Cost of Labour.— J’o woika 2^-1011 furnace, one melter, one rnelti r’s assist. int, 
and one boy^are re(iuired. d’he cost (T labour pai^ j)er ton of lujuid steel 
(according to ('ontmental standards) is .\s. 9./. when llu furn.K'e is nu llmg and 
refining common scrap, 3a. id. li melting goo(>quahly scrap, and is. ^d il*retmmg 
molten metal. • ^ 

Cost of Raw Materials.— 'I’he raw materials us< d in the furn:u( nu lude^the 
scrap steel, together witli the oxidising aiW refining makaials siu'h as iron ore, 
lime, etc., and tlie alloy rKldilions 'Fhe loss m melting and rtdining ^eel scrap 
is 3 to 4 per cent., so that with^common scraj) al*^5y. per ton, tlx* cost of scrap 
material per ton of liquid steel produced = 571. * To rtTmc* and “ jibysic^’ the 
molten metal, the quantity of lime, tluxes, and f^erro .dloys will dt peiuk iij)on the 
kind of scrap available and life desired analysis of the fimshcj stei 1 . An average 
cost, which includes 2 cwts. of lime, 2 cwts. of iron ore, and alloy additions, is 
2S, id. per ton of liquid steel. • 

J'he following summaries of costs. Nos. i and 2, are for the production of 
steel for castings of similar C|u:t 1 ity lo^lhat given m Table l<XII,«p. 245, and 
Table XCIII, j). 473. The terms “cbc!ii)^ and “good” scrap iih r to ordinary 
and selected scrap respectively. 
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Summary of Coals 

1. Producing goocf quality carbon ’stpcl castiggs from cheap scrjfp. 
Cost of plant, ^'2000. 

... £ s. d, 

Depreciation and interest 025 

Repairs 0120 

I’ower ' I 50 

Electrodes ^040 

Labour ^ 049 

Raw materials— Steel scrap (cheap quality) . . . 2 17 o 

Huxes and ferro additions ...025 
Management (50 j)cr cent, of cost of labour) . ^ . o 2 4^ 

Royalty not included — 

Cost per ton of liquid steel . . Xs 9 


2. Producing good quality carbon steel castings fiom good scrap. 

(iost of plant, /'2000. ^ 

... " 

Deprec lation and interest ^.020 

Rejiairs 096 

Power 0189 

Electrodes 032 

Labour 032 

Raw materials Steel scrap (good finality) ... 3 2 0 

Fluxes and ferro additions ...005 
Management (50 per cent, of cost o( labour) ..018 
Royalty— not included — 

Cost per ton oldiipiid stQcl . . o 8 


3. Refining molten Pessemer or 0 H. steel. 

Cost of plant, /2000. 

£ s. d. 

Depreciation and inte.-est 010 

Repairs 040 

Power • . 086 

Elecliodes . 0 ‘'r 7 

]-al)our 025 

^ Raw materials —Pig iron 2100 

(cost of jiartial refining) . . . 0 12 6 

Fluxes ancid'erro-additions ...017 

Loss of metal’ 020 

ivlanagement (50 percent, of cost of labour) . . o i 2J 

Royalty— no\ included — 

Cost per ton of liquid steel . . /^4 4 9 ^ 


TH2 ANDER.SON PiLECTRIC FURNACE 

Description of the Furnace. — The a’-rangenent of the Anderson furnace will 
be sem from the accompanying Fig. 24:. 'I'he furnace resembles a tilting open- 
hearth furnace, the roof of which is pierced for the electrodes connected to the 
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electrical supply either in series or in parallel, according to the work for which 
the furnace is dc^signed! Immedwlcly beneath the base 
line with e|icn electrode, arc fixc^i * 

electro-magnets, the object, of 
which is to control the arcs and 
to counteract any interference to 
their formation. It is also claimed 
that these electrodes concentrate 
the incandescent ghses around the 
arcs, so that their heat may be 
imparted to the bath to the best 
advantage. For furnaces of small 
capacity one elcctro-ftiagnct only, 
as shown in the illustration, is 
found to be sufheient. 'i'he fur- 
nace is provided w^th a ]X)uring lip 
and with tapping holes, from which 
the metal and slag can be tapped 
as requiied. 'I'he electrodes, * 
which are water-jacketed, aie 
raised and lowered by any suit- 
able means. ^ 

Operation of the Furnace.— 

When used* for refining molten 
metal, the charge is ( overed wiili 
an oxidising slag which is allowe(^ 
to remain for about thirty minutes, 
and then skimmed off'. A layer 
of carbon is then spread over the surface of the molten metal, and ov(.r this a 
slag free from oxvgen. •'Ihe neutral slag cools the mass and it'sulis in the 
reduction of iht ferrous oxi^e by the carbon. Manganese ore is then added 
to the neutral slag and completes the elimination ol any remaining ferious ox^le. 
When the slag is Peffectly white a carbon test is made, and a mixture of iron ayd 
carbon, together with the necessary alloys, is added m such amounts delermineij 
by calculation as will give the analysis reipiired. \ molten charge can be reffned in 
from I to hours, with an average jiower consumption of 270 k.w. hours jmt ton. 

When using the furnace for melting and refining, the scrap, logetiui with a 
little ore anj lime, is charged, the current switched o^, and the mat^•rlal reduced 
to a molten condition liy the combined ar( and ri sistanc'e heating. A slag, 
formed by the lime and silicates of the ore,idoats on the surface o^thejiath, and 
into this the electrodes dip, but not into the metal itself. An air bjpsl is then, 
introduced, and the ipipuritie« of the charge become ^xidisi d and enter llm^slag, 
which is withdrawn. If a very ])ure prefluct is reipiirqd, one or two additional 
slags may be formed. •W hen the last slag is withdrawn, the net essary' alloy^arc 
added and the charge tapped* • 

'I’he following is a typical coltk charge : — • « 


I me lurnace, ann m 



Elrcfro marjnet 
l ie,. 242 -Iho Anderson Kuriuie. 


Ordinary stetj scrai> lbs. • 

Iron ore . . . . y)o ,, 

Lime 37 o „ 

Ferro-silicon • 18 ,, 

Ferro-manganesq 3 ,, 

• • 

The charge takes about six hours to undt and refine, i\ith an average jiowcr con- 
sumption of 975 k.w. hours per ton of stl?^l produced. 


I 
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Cost of Refiningi Molten Metal per ton. — The following figures are given 
by the inventor, and are the result of actual \.orking coots : — 


I)e[)reriation and interest ^39 

Repairs and renewals 040 

Power, 2 ro k.w, hours 0*3^^. per unit ....053 

Idectrodes . . 016 

Labour ,,050 

Additions —ferro-alloys, lime, and slags .... 0 6 4 

(leneral management and sundries 026 

Royalty— i>ot included 

Cost of refining per ton of liquid steel . . £\ H 4 

Melting and Refining from Cold Scrap 

Dejireciation and interest 080 

Repairs and Renewals . , . ^ 040 

Power, 750 k.w. hours 0-3^. per unit .... o 18 9 

Jdectrodcs 036 

Labour (4 men) i t 0 

Raw maleiials — (lood (piahty sciap 'u Gos. ton .380 
Lime, ore, etc. . . .050 

h'erro- alloys .... ..0^6 

Ceneral management . . . . ^ 030 

Royally not included 

('ost per ton of liipiid steel . . £() iH 9 


Tllh CTlAri.KT Pj.l'.CTKIC P'URNACl' 

Description of the Furnace.—The Chaplet furnace is made m two types, 
fixed and tilling, and consists es.sentially of a casing lined with refractory 
material, leaving a circular hcvrth in the middle, which is covered with a 
removable refractory arched roof, held together m an non fiame. The 
arrangement of the tilting type of furnace is shown in Tig. 243. I'he furnace 
has only one arc, the loof being pierced in the centre for the entrance of one 
carbon electrode, whilst the return turrent is transmitted to the circuit through 
the bath to a fixed steel electiode sunk in the furnace lining away from the 
health, and connected to .die metal bath by means of a solid bar in a hori/onlal 
channel, as shown in the illustration. 'AVhen the furnace is first started, contact 
between the base of the steel electrode and the chaige m the furnace is made by 
means of iron bars set at the battom of the chanrel. As soon as the charge is 
molten, it tlow's along Uic channel, adheres tc the steel electrode, and becomes 
solidified in this part, thus forming an uninterrupted passage for the current as 
long as the furnace is operated. 

The tilting furnace may be mounted on rollers and cradle, or Oin a simple 
pivot as shown in the illustration, in which case the lilting is performed by a 
hydraulic ram. 'Phe electrode is raised or lowered by the gearing of the leg 
crane which supports the electrode. 

The furnace may be ur^ed for meltmg‘only, or for melting and refining. The 
loss in the finished charge is estiraat^d at from 3 to 5 per cent. The following 
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particiiinrs of the working and cost of production in a ^ turnacc lia\c boon 

supplied by llie patonteifs • 

• • • I 

Cost of a 3 ton Furnace.—* '' / 

Fi\cd type : - * • / 

(irounduoik aiul pit ... . . . jo 

Ironwork and ciaiu' • . 1 K) 

Inteiior lining ... , . 0.) 

Vaiious ;;aosts, electrode holdt I, et<\ • . eo , 

'botal (cx( liisi\c of c'C^)pei ct'ndiKlors) . . / ’So 

A tdting'fiirn^ce of the same c.ipacityVosis about jot. 


Working Data *and 
Costs, -d'lie ( osl of main- 
tcmaiK eot the whole' of the 
furnace is aiiou^ 5s. j>er 
ton of steel jirodiice'd, if 
working \Mth( oKU haiet s. 
For melting and retimiiu, 
the consumption ot e'lee.- 
trodes is 24 to 27 M^s. 
per ton, whilst for melt- 
ing and refining tlie I'on- 
sumption IS *33 to 35 lbs 
per ton. 'The time taken 
to melt 3 tons of steel is 
7 to 8 hours, whilst to 
melt and lefine the same 
([uantity, 9 to 10 houis 
are required. 'The power* 
consumption \then the 
furnace is used for iiu lt- 
ing only is 7 1 3 tt^ 7 \o 
kilowatt h(;urs per ton. 
For melting and jcliiimg, 
the consumptiv)!! is 915 
to 970 k w. hours per ton 
(For furna%L‘s of laiger 
cajjai ity, these figures 
would piobably be de- 
( rease<l.) Assuming elec- 
trical power to be t,ik« n 
from sujiply mams .it 
o’^i/ per unit, the averifjt- 
cost jier ton for melting 
only IS therefore iS^ 3*/., 
and for melting and re- 
fining £i p. 




ThK I’J.KCrRO-MbTALS FjKtTRu: FAjrnack 
Description of the Furnace, -'l^ie Fleciro Metals furnace^ is constructed 
under the Gronwall, Findblad, and Stahlane patent^. Us outward api»earance 
resembles a tilting open-hearth furnace, ^ilh two electrodes passing through the 




Fig, 244. — The Electro-metals Furnace. 
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roof and with a connection at the bottom for the rctiinJcurrenl, the airaiv^e- 
ment being shown in F^. 214. '^he furnace is Imilt ujrof east iron or niild 
steel ])lates, 3nd fit the bottom is bolit d fi casting, into f hu h tlu' ( ly Irode of 
carbon or*gra|)hite is set \Mlh^a special cement mixtme to ensmt a gooil 
electrical contact, d'his electrode is then huill in \\iili nia^ne^ili' bin ks, and 
above this is an unbroken lining of dolon^ite or magnesUf, similar to tlic 
ordinary basic open-hearth furnace. 'I’he two toj) eleeiioiles aie < oiiiu i ted to 
each phase of a two-jdiase supply, so thaf two independent ans ar(' loimed. 
The electrodes a>c regulated either by haml* or hv automatic regulatPirs as 
required. The roof is removable, and^s » omposcll of mIk a bricks 

Owing to most power supply stations generating eilhei two 01 thu'e phase 
high tension* curr'ent, a two i>hase furnace of this iy[)e oft^rs the advaiVag(‘ of 
using the current supply without the need of rotary coma iters If lwo-j)hase 
high-tension current is available, the voltage is transformeil to a suit.ibb^ tension, 
t.e. C 5 volts, by means of 2 single- phase transformers (log 2 (.;)). ll ibn (‘-phase 



245. 


• ♦■li.'igi nils of Con nr(, tons : 


1- 1( ( tio-nn lals Fnin.c <• 



current is available, the supply is transformed to two-phas(‘ at \olls by 
means of ott’s airangements of connections (log 24(; (/'!). 

By reason of the arcs being inch peiidcmt of each otbei, should one be I'roki'ii 
the other will jirobablv •still be maintained, and consi i pK iilly tbe vioh nt 
fluctuations whic4i at times <)(• iir in the ]-ower supply w ith arc s m s(ri(s with 
each other, are not so S( verc- with Ibis type of furnace . ^ 

d’his furnace is*u^-d foi refining molten metal fiom Bessemei eoiiveiters or 
open-hearth furnaces, or fur meriting and refining fioin cold materiab. ^ ^ 


Tffi Kkli.I'R Vaa i'Vk\r I't’KN \( F 

Description of the Furnace I'he sjH cial feature of the Keller furnace is 
the conductin'; hearth, which is made of#reinfoic» d da), liop ba/s about 
1 inch to il me lies diainetei are spaced vertically wi the boitom of t»y; furnace 
about I inch to il m^:hes apart, and fitted seciiidy lA tin ir lower <‘iids irio a 
casting bolted to the she 11 of the fiirnaf<‘. Rc)und these rods is rammed hot 
mamiesile clay, thus forming a r. Iractory hearth which is aeonducte r when C(51d, 
by "reason of the iron bars. 'Wie eondurting hoMim of the furnac e is eonnee led 
to one of the poles of the elertftcal supply. As will he seen from Fig. 240, 
which gives a sectional elevation of the furnac e, the current is supi>iied to the 
furnace by carbon electrodes, and the arrangement is in ojher res[)e( Is similar 
to the Girod furnace previously describe cl in tins diajeter 

The following particulars are given ' of an 8-10 ton fiiftiace' installed at the 
Holtzer .Steel Works, Unieux, fed with molten steel from a Martin furnace. 

The electric furnace is fitted nGiH 4 fnovable ele'^trodes, 2 of c^ch of which 

• • 

‘ “ Iron anti Coal i ta 4 es vol. 78, p 961. 
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are in parallel. Theye electrodes are supported from revolving arms by flexible 
bars, and pass lhroU|;h the furnace roof. They can, r therefore, be raised or 
lowered j^s reijuired slid swung away^fit^m the furnace when hew electrodes are 
required to be fitted, or when it is desired to t'cmove the roof. I'he furnace 
itself is mounted on trunnions and is provided with hydraulic tipping gear. 



d’he molten charge of 7 toii^ 8 cwts. is refined in 2^ hours with an average 
power load of 750 killowatts, at an energy consumption of 275 k.w\ hours per 
ton. The compositions the metal chaiged and the steel pioduojd are : — ■ 

, , Molten charge- C ; 0-007^,', P; o’o6% .S. 

^ Finished steel -0-044% ^ J o-oo8'*,) P j 0’009%o S. 

*'rhe consumiUion of each of the 4%electrodes (16 inches square) is ] inch per 
lioi.ii, costing 28 j-. per heat or 34. 3^/. per ton of steej refined. To work the 
above furftace, i melter and 3, labourers arc required. 


,Tiik Levoz lu.ECTRic FOrnace 

Description of tte Furnace. -The Levoz furnace is intended for refining 
only. It IS built in c)lindiical form of iron or steel plates, the top being in the 
form of a dome, and the whole is mounted upon a pair of trunnions, thus giving 
the furnace the appearaiKV^ of a Pesseiner converter. Fig. 247 gives sectional 
elevations of the furnace. The casing is lined with refractory material consisting 
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of magnesite bricks in the lower or crurihle part, at* siliceous bricks in 
the upper part. The ekctroijes, •f wliicli there may beJone or more of the 
same liolarity, ar<f arranged abo^e the IrfitTi and pass^hrJigh the do^ie-sh.iped 
top, which at that |)art is \\atet-cooled. KIcelrodes pf opposite }>olan(v to the 
above are built into the side w\dls as shown, and are in eleeliic.il contact with 
the upper portion of the ^ , 

bath, from which they are ^ ^ ‘ ‘ ^ 

separated by a partial con- 1,-' > 


ducting material ?uch as 
dolomite and tar, pitch or 
carbon, or ^ mixture of 
magnesite and furnace 
ashes. The furnac^ is 
provided with openings in 
the side at right angles to 
the trunnions, for diarging 
the materials, slagging, and 
teeming. 

The metal is melted 
in a cupola and taj^ped 
into the furnace, wlR-re 
the relining takes pla('e 



and additions are made 
similar to ihe methods 


followed in other relinmg furnaces 'I'lic necessary nrcul.ition of the nn tal in 
the bath is said to be set up by alcind of inverse ('emcnlation from iiioIk iile to 
molei ule, tlie im'eplion of wlm li is laciliiated b) the difference of d* nsity existing 
between refined and unrefiiud metal. 


• Till', Xa'iIiusius bir i'i tkic Imikxaci- 

Description 0? yie Furnace -)’lat<‘ l.V shows the gemial .irrangemmT^of 
a 12-ton Nathusius furnace and C(iuipnu.nt. 'I'liere are ihrt'e viilK.il (arhdn 
electrodes above the bath, ananged at the apexe s of an eejuilatcr.il tiiangfe, aiuf 
connected to the three outer ends of the s( ^mdary cire uit of a three-phase 
generator or transformer. Stud clc(ti«)(les are also built into the bottom of the 
furnace, and these are coniu cU d to the inner ends of llie se<ondaiy i neuil of 
the same tliJee-i^hase generator or tiansfoimei. 'i'hc^ furnace is (yhndiual, and 
mounted on rollers and cradle, llie tipjai^ In mg i)eiformed by means of an 
electric motor. 'I'lieie are lliree doors one bawceti every two'top electrodes, 
— through which the hath may he inspected. 'I'he ^oUom ( le( Irodi^ are^sleel 
castings built into th*e furnai e bottom Ijum below and^ covered with a la)er of 
fireproof material rarnpied down for forming the hath. 'I’hc whole liiriiace 
except the roof, is lined w'il|^ dolomite, the ro»)t l>cing built with dnias, (piait/,, 
or other bru ks having a high pert^ntage of aluiiMu. • 

The top electrodes are sus[KUHled by ro[>e.s from }»ulleys ov;‘rlieatI, and 
previous to tilting they arc^rapidly raised by means of (piick-af ting motors, 'and 
are lowered again immediately the furnac e is brought back tT; its wajikmg p(;sition. 
When it is necessary to renew the electrodes, the holdey> can he drawn side- 
ways from the furnace, d’he ele<trital apparatus, mea*suring instruiiKuils, and 
regulating devices arc quite separate f^^m the fuinau,*, ami fitted iji an uiclosure 
where they are protected from dust an^heat, and |rom which the working of 
the furnace can be controlled. 
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Fig. *48 shows Wgiammatically the electrical connections of tfie funit^ 
The three inner end!, of the secondary cir^t of the generator ot tranifotoW 
are kept separate soVhat the point of' j^ction is transferred * to tne bath i teeln 
The top and bottom electrodes have a contindajly varying polarity, 'the curr^ 
flowing from one top electrode to the others, from one bottom electrode tp thb 
others, and from each top electro<Je to each bottom one. The bath is, thctefoip, 
heated by the surface currents, the currents flowing through the bath, and the 
bottom currents. ‘ * . • u 

le is claimed that the currerft distribution over the bath sfjction, as given by 
this type of furnace, sets up Rotating fields round each stream line, which causei 



complete stirring up of the bath and leads to a thorough mixing ^f the metal 
t is also claimed that witS current flowing from each of its main heating centres 
more rapid heating of the bath is obtained than in furnaces where the arcs pasi 
inly betVeerf the top electrodes, or through the bath from top to botton 
ilectrodeiS only, llie current which flows between the bottom electrodes cw 
le ihcreased in strength by means of » specially built generator, or ijriih the ai( 
if a booster transformer! c 

Operation of the Purnace.T-For the refining ^period of the running of tlw 
umacp, the heating of^the slag by the strong, arcs is aim^ at, but later, during 
he deoxidising period, the strong overheating of the slag is no longer necessary 
ind, consequently, the energy of the surface arcs is brought lower down into th< 
)ath by means of thlj booster transformer connected to the bottom electrodes 
Should it be desirable to allow the furnace charge to stand after the refinibi 
md deoxidising period has been completed, the equivalent heat lost bj 
radiation can be supplied by cutting out tbe top electrodes and allowing cjiirren 
io circulate only between,, the bottom ones, producing a resistance heating i| 
rhe bath. 
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Worxiiig OosU. — Cost per’ ton Tor refining molten oflf n-bwirth steel in 
400 Natbusius furnace, |;iven by t^ie inventor 

Addidoiisl ^ \ 

Gref, 55 lbs. @ 291. 1/ per ton . 0*72 

Ume, 66 lbs. @ i2i. per ton 

Sand, 6*6 lbs. @ 2i. per ton . . . 0 03 

Fluorspar, 8*8 lbs. @ 26i. 2\d. per ton o n 

Petroleum coke @ 38^. per ton . . ^ 012 

Deoxidising materials— , 

Ferro-manganese (60 %), i 3 - 24 bs. (a) i^os. per Ion . 0 95 

Feiro-silicon(75%), * *•* * * 

Aluminium, I lb. l>cr ton 07 

Refractory materials— 

Roof (cos^ ^12 loi., lasts 100 heats) 0 50 

Crushed magnesite, 8 8 lbs. (a) 5^^- 1^*^ * ‘ * * ° 

Crushed fire-clay, 8 8 lbs. C«) 15^- P<:'' ‘on 0 06 

Basic material, 33 lbs. (u) 34^. per ton 051 

Crushedfire-brick, 8-8 lbs. ^ 17^ *67. per ton . . o oO 

Electrodes - , . 

12*54 lbs. @ ^14 lOJ. per ton 

Holder. . 

• ,Ho 

6 men 

Cuneni*— ^ ^ _ 

250 k.w. hours (a] o*36(/. j>er unit 1 -S^ 

Derrecijiiion and interest— y c r ^ 

10 % depreciation and 5 % interest on outlay of /. 5000 1 70 

Management charges and royalty not included ... 

Gost per ton for refining . . . • • ^’33 



CHAPTER XLIII 


keS'is ta i\cm FI/ex a cfs 


It is only intended to give brief descriptions of three fiirijaccs which have been 
constructed on the principle of heating by resistance, in which the current is 
supplied to the bath by other means than that adopted with induction furnaces 
described in Chai)ter XI.. If properly applied, resistance heating is in all 
probability the most clhcient. It yet remains to be seen whether the furnaces 
described will prove economical and efficient in practice. 

The IIelhekger Electric Qiucihlk Furnace 

Description of the Furnace.— The charge in thc^ Helberger furnace is 
melted nf a ciucible in which heat is generated by its lesistance, and transmitted 



by conduction to the charge of metal. The apparalMs comprises an alternating 
current transformer (w/hich may be connected to either single-phase or polyphase 
circuits and at any normal voltage and frequency), connected to the secondary 
side of which are two 'specially designed water-cooled holding devices for grip- 
ping the plumbago or giaphite crucible at^the to}a and bottom. Fig. 249 repre- 
sents diagramtnatically the electric circuits. The transformer and furnace form 
a complete piece of apparatus, and Ikice the instruments and switchgear are 
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lounted on the same stand, the ^(Siiplete arrangement cJi placed in any 
ositioB to which cables carrying the current may be brouglJ. 

Fig. 350 is*a pbotogra^h ()f*a furnace |>t about ::2o Uk->. faiUMty ; the largest 
ize of furnace made will melt 5 cf Is. of ftecl. • 4 

The crucible is placed between the holding dcMcic's, and the \!pp<'r one is 
lamped firmly on to the crucible as sliown, the artu.d cont.ict being niaile on 
irbon surfaces. Encircling the crucible are^iwo fire-clay doors, NNh.ih com- 
letely surround the active circuit, .and Unis ^t.nn the heat. 'I lu* uppi 1 holdii.g 
lechanism only coders 'the crucible rtnind tlie ri^i ; the < ontenls of the cn^» ible 

icrefore can be examined at any time, and additions tt.idilv ni.idt' to tlu' 

• • 



j • irjG. 250.— Tilt H^lbcrgci I uinnff'. > 

chafi;e. By means of tt..; re^nlaling swit<h, «ln. h is on tlm i.nmnry j.»le of 'ihc 
transformer, the current m lhc» m . oiubry c,o ,ut . u. hr .1 ' h • 

siderable range, and tlie tmir of milling a. o-l.-ialul or r, l.nd. d .is ri. 'iir. d. 

Ooeration of the Furnace. It is found dial less airrmt is iis .11 «licn.tlic 
rrudble and its charge are cold thanwh.ii hot, and for ijiis reasoii thetrans- 

ri equtmlt is 



lond-lippi,.. grar. bPl •“I. 'I" '“S*. 

electric motor mounted on tlie same stan‘j>as the funUcc. 
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To melt 22» IbV of steel, a consumptfott of 100 to 150 kilowatt hours is 
required, which is rquivaleiU to from 102^0 to 1530 kilowatt hours per ton. 
Assuming that poweS can be purchaseojat the rate of o'yi. per urtit, the cost of 
melting |^)ower only/is therefore from 5i‘. i^d. to iSj’. ^d. per ton. 

Each crucible lasts lo'to 12 heats. * 


The HeriAg Electric Furnace 


DjBCription of the Furnace, 4 n the Ilering Furnace, tlje heat is produced 
by the jias^agt* of current lhr/)ugh the bath in a spef'ial mannep. If an electric 
current is passed through a bath or coliflnn of molten metal which is constricted 
in cros,s-sectional ai^’a so that the current density is raised to a certain point, the 
metal carrying the eurient contracts, or becomes piiKhcc].” 'bhe effect of this 
on the metal is to set iq) pressure, which may become 
— so great that a break may occur «-.n the circuit. This 
pinch effect” is made use of in [he liering furnace 
to transmit heat to the bath and to uit up the eircula- 
of the metal reriuired for efficient melting and 
• refining. , ^ 

d he arrangement qf the furnace wall be seen from 
/Z'' aecompaiqing Fig. 251. 'I'he vertical type of 

furnace consists of a refiactor/ dome-shaped chamber 
containing the health, and at the top of the dome is an 
oi)ening lor chaigmg the materials. At the bottom of 
^ ^ the hearth are two or moj;e verti( al Sides, whic'h 

terminate at their I’ow'cr ends in ('(intact with elec- 
trodes connected to the electrical supply, the number 
of the electrodes and holes being determined by the 
'y' ^ ^ eU'Ctiical supply on w-hich the furna('e is to be w'orked. 

jdA elei'trodes are water-('ooled where they connect up 

[71 1-1 to the furna( e. 'The furnace* is also arninged in another 

Eig. 251. 'I'ho llcnng design with the metal columns iik lined; by this means 
- I'urnaco. R‘ss hydiostalic iiressure is re(iuired,.in the columns to 

^ ensuie the transmission of heat throughout the bath. 

„ Tl^c “pinch effect” is secured by properly proportioning the cross sections 
of the columns with respect to the current traversing them. A side column is 
provided for further stimulating tne circulation of the metal by making its cross- 
section different fiom that of the columns, thus setting up a difference of pressure, 
and fhe same result can be^achievcd by lestricling the o])ening at tire top of one 
of the columns as shown in the figure. The columns are made conical, with the 
large end at the top, so that when fae furnace is shut down w-ith metal in the 
' columns, #the columns of metal will not pull apart when they solidify. The 


columns arc surrounded by a tube, cjr partially surround'jd by a rod or plate 
c.xtending the length of the columns, made of a material which conducts at a 
high tempej-ature— carborundum, etc —so that if the metal column is ruptured, the 
circuit will not be broki^n. An fur space is also pref/ided between the columns to 
ensure'hat current will not pass through the ffiinace waall between the columns. 

Operati'on of the Furnace.— When starting the furnace, either molten metal 
is poured in, which fills up the vertical holes at the base, or a casting (prefer- 
ably of the same material as the steel to be produced) is inserted, extending 
downward in the holei go that the ends may be in contact with the electrodes, 
and the top bridged over, insuiing a complete circuit. The heat is produced in 
these metal cvilumns by the resistance dffered to the tlow of current passing 
thiough them from the electrodes, aiAj, when molten, the material is charged 
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into the furnace through the o^xMiing at the top of lly Tlie heat 

generated in the eoluiims of luctal^is transferred to the hltli hy nu .ms of tlie 
“pinch effectf'* which (aiists ihf‘ inoltei! tiictal to d(uv up through the cenlial 
axis of the columns, and the 1 4 vlro'>ta*\i<' piessuie will ifien eauM' to Ilow 
downward^> at the circumfen nre of the eoluinns. * 

The metal is tap{>cd fioin a hole near the luise of the eoiuinns, ot from a 
spout at the boUotn of tlu‘ heartli. The ‘'l.igfs tapped thioueli a holi- situated 
on the slag line al)f)\e which an ini\ he dra*Mi into the furnact' to (oinj>Ute the 
combustion of the i^nbiiined gasis given oil Irom the diaige in the Iie.iilb. • 

• 

Till-: IcEwsKV I M.niuc bTruwu 

« • • ^ . 

Description of tlie Furnace. -In tiie Igtwsky furnaei, tiie Ik.h is gfiu rated 
in the lining of tlie luina<'e and liansnnlted to the hath by i.uiiiiinM .md con- 
duction. 1 he fiiriiiee is in lh< !(ani ol a holl(»\\ evhiKhi lined wiih o fiaetotjT^ 
material, and is rgt.ited on mlhrs about its .ixis. 1 In ari.meeiiK nt of the 
furnace IS shownin 1 ig. 252. 

The curienl is h d to ( (mt.u t 
plates fitted to the inside of 
the fixed fiaine, and fioin 
these, lirass plates (wliidi / 
are connected to non pltili s j, 
set radially inlhe brickwork) , 
collect the current. 'The 
pas.sage of ct^rronl thrc>ugh ^ 
the iron plates and the iiitc r- 
vening hnckwork, generate s 
the heat which is utilised foi 
the melting and oiiicngof I*!'’- - 5 *- Hi'di;. w 1.) ImniM 

the metal in lire inti nor of 

the furnace d'lie lining in» d is « ither a<'i<l or hasn , hut sm< r tin- di ( tiica! conduc- 
tivity ol the laller*has ht t n toiifnl to 1m- .tlunit l w n e .i-. go at as that ol t’i<‘ fotiin.-r, 
the conductivity of licat is also more, .md the u suit is a ( ertaiii loss 1 t in ig)4 ■ 

A i-ton furnace fn opi r.ifnm, h.is ;(> non d«'<'trodi“ jilates hiiilt into tht^ 
lining, each 41 iin hes haig 12 iin In s wide. 'I he mte-rmr ol the furici^e is4 
2 feet 6 inches duim.ler and \ in i lone, tin; lining (whn h is an ai id oin ) In ing 
12 inches thic k. I'ln- current list d is 600 ainp^n s at volts, 'j he furnace 
IS rotated hy an dei trn motor at a speed of 2 levs, per inmule. 

Operation^f the Furnace. Win n starting up llnVumace, < Itin r a coke, fire 
is placed inside or a gas tlame is mscited, and tin* Irnekwork In ated until a 
temperature of about 300 ('. is attained, •i'he mierioi of tlnj Unmg* is lln-n 
coated with a solution of liydialc or tailnmale cT* soda, whn h ((un«s a thin • 
conducting layer for tht' < urmrit, and hy rt ;^son ol its in^ainh st t iiee w In-n heaPi d, 
assists in the radiation ot tin In .U, • ^ 

The inventor slates Itial 'he cost of mslallalion is sin.dl, .md the.c onsiimp- 
tion of power does not exceed *1000 k vv. lioiirs peT ion of^tt 1 1 piod in rd. Witn 
larger furnaces, this consumption wlnild prohalrly lx* sonn what h-^s. ^ 'I'lm cost 
of repairs and the labour rec^uirc d for working the furnace ar<- about the sawie 
as for other electric furnaces. Healing the furnace above i ^eo ('. results m the 
destruction of the lining. 

'I'he following are sonic of the advantages rlaimed for*flie furnace: — 

(1) High voltage may he emjiloyed. 

(2) The possibility of using any for^ of current ordinarily empToyed. 

(3) Compactness. 




CHAPTER XLIV 


THE CHEMICAL REACTION IX THE ELRCTFIC .FURNACE 

The chemical changes which take place in the j)rocess of steel making and 
icfining in the Electric Furnace, are similar to those in kincEed processes. The 
heating agent, being free from sulphur, the process is well adapted for making 
better (lualiiy steel. Other functions peculiar to the electuc furnace which 
ir'ifluencc in some measure the chemistry of the process are 

{a) 'I'he higher temperatures than those obtainable in other steel-making 
processes, and their influence in refm'ng. 

{h) A more easily maintained non-oxidising atmosphere in the furnace than 
V in other processes. ' 

The reactions in the process may be divided into two parts : — 

(1) The oxidation period. 

(2) The deoxidation period. ' 

The Oxidation Period.— This part of *^e refining commences when the 
melting of the solid charge is comjileted, or as soon as the molten metal is 
charged, depending upon whether cold or molten charges are being worked. 
The oxidation is cairied out by means of additions of iron ore or rolling mill 
scale, to which is added lime to form a basic slag (the furnaces themselves 
being usually basic lined), and under the heat of the furnace, the silicon, 
manganese, carbon, phosphorus, and sul[)hur are'hiore or less oxidised. If the 
cadjon content is faiily high, more than one oxidising slag may be required 
l^efoie the carbon is reduced to the required amount. The oxidation favours 
4 the removal of the phosphorus in the basic slag, m the form of phosphoric acid 
(PoO.,), and the iollowing analyses taken during the oxidation period of the 
(barge in a 3-ton (inod furndbe, show cleaily the reduction in the impurities 
which takes place. 'J'hc metal chaiged was jiariially refined open hearth steel 
of ^he analysis given, jt will be noticed tliat the sulphur is, also partially 
eliminated during this period, but the mam consideiation is the elimination of 
the jihosphorns. ^ 


Oxid:tion period 


f 

v\mpleNo. C. 

Si. 

Mn. , 

r. 

S. 

Charge 

. I 015 

tr. 

0 54 

0-034 

0-054 

After adding 22 lbs. ore 

. 2 O' 1 4 

„ 

O'JjO 

0'02I 

0-048 

3.5 

^ 3 o’i 4 


0-34 

0016 

0 044 

'n 5) 55 _ J> 

Just before slagging . . 

T r 

. 4 O'lO 


0-29 

0 

6 

0 

00 

0-046 


When the oxidatioivand its accompanying dephosphorisation has been carried 
out sufliciently, the slag is poured oft'. If this slag were allowed to remain 
during the second perio(i, the deoxidising materials would cause a return of the 
phosphorus in the slag to the steel, since the phosphoric acid in the slag is not 
stable. With the object of rendering this slagging operation unnecessary, 
Mr. E. Humbert patented, in 190;, a process whereby the addition of a 
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reducing material to the oxidising flag converts* the plio^>haWi into a stable 
phosj>hide. 

The Deoxiiatipn Period.- It is during the dcoxidisTiig period, whicii 
immediate!)^ follows the oxidising ^neriod,* that the hulk ol sulphur isieinoved 
from the charge. 'I'he deoxidi^ng slag is formed h\ addition of lime, sand, 
and fluorspar, and the materials used for dioxidation are jd troKiim eoke and 
ferro-silicon. 'I'he necessary ( arhon addition i4 made at i!ie heginmng of this 
period in the form of j)elroleum coke, |)iLceb,of (ailum v Ka trodis, oi ( oal, and 
a study of tiie varijus’charges which follow, wjl show that the caihon coytent 
thus formed remains practK.illy I'onstant during this.pait of the piotiss. 

The molten slag, whuh on dissohflig the ferrous oxuh* lormeii, is Mark, 
becomes whiter asnhe iron from it u turns W) the hath. An examination .ol llu* 
colour of the slag thi:oughout «lhe deoxklatnm priiod tnahKs the tnina((m.rn 
to determine the {irogress of deoxidation. Ulun tlu' sl.ig h(<oim.s white, it is 
not necessarily indicgilive ot tlu‘ lemoxal ('f sulphin from the st« i I, hut r.ither,^ 
it shows the rediu tipn of h nous oxide in tlu- slae, .nui soim little time elapses 
before the sulphiir.is lediieed tiom the nu lalln' sul|)hides toimed. 

The destruction of the feirous oxulo is esst nti il for (!< oxid.ilion and 
desulphurisation. From the reseaiel^-s ‘ <\iy u d out l>\ ilr Ih ( .t iK nkin lu n 
on a Ildroult furiiaee, and I'to^ ssor H ()-ann on a l\o< him.; Isodi nhauser 
furnace, both armed at the coneluMon'that the i<-mo\.d of sulphm m the < 1( < tiu' 
furnace is due to the iormalion of (ahium sulphide It, howew i, ( al< lum 
sulphide is piesent in the slag, it* has a gieat t( mb m y to oxidise and foim 
CaS()4 which if foimed, would act upon the non as lollows, and the sulphur 
would pass b/ck Jiito the ^tet 1 bath : 

CaSo, + 4l (‘ heS 4- 'JTO f ( .lO. 

The oxidation of calcium sulphide is (daimed to h«- impossible in tin- lleroiilt 
furnace, first by reason ot the strongly rtiliK mg natiiie of the sl.ig, .uid s( ( ond 
hecausi' tlu- atmosphcie the lurna< e is ledm mg The (onviisum of iron 
sulphide into ( ah yiin sulphide ^s supposed to he* due to the pn st m t ol ( .ih lum 
carbide, whieh forms sponlam oiisl) in the linn.K e un(!< i the aetioii ol the 
electiic arc*. 'The , op( ration of desiilphuns.ition is des( rilx d as lollows^ 

'I'he strongly reducing .slag lornud on the* suifa<( ot the hath, tint deoxidise^ 
the bath in siicti a way that the im t.illi<' oxuh s [ass into the slag .nui are# 
reduced to metal, wlmdi returns into lh<* steel bath, while the cahium (allude la 
oxidised to lime and carbon monoxide. Attc? this reaction is comph te-d f/.c. 
when the slag and the bath contain no longe r any nutallK oxides), the rediK ing 
slag acts on* the metallic sulphkhs and rediues *h( m in foimmg cahjum 
sulphide : — 

FeS f c: m ( aO = ( a? f I'e -f ( '( ). • * 

MnS + ( ■ 4 ( aO ^ ( aS t Mn*i. ( -<>. • • 

• • • 

The slag formed is white, and disintegrates to a white jiowder on exjiosure to 

the atmosphere. ^ 

'Fhe above investigations •confirm Prof. Ostflm’s coyierimcnts on a i-ton 
Rochling-Rodtnhauser funuu e. He found that sfflphiir was not reimncd^if the 
deo.xidiser (ferro-sihcon) wa%repla< ed by ferro- manganese, i' urther, il the sjag 
contained considerably more tlian i i)er ( ( nt. of iron, ilie^ removal of sulphur 
was found to be unsalisfactoi y. Prof. Osnnn < (;n< lud( s that an iron ( onteiit m 
the slag prevents desulphurisation of tlie steel bath. I'lv^ bdlow ing results are 
given of the working of a hard charge 

• • • 

‘ “ Iron and Coal Trades I'^cvicw," \(>l ;^S, p 230. 
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Expf.rimf.n'I in 2200-lb. Rochi.ino-Rodenhauser Furnace. 

Analysis *of Bath, 

' rC Si Mn * P S 

Analysisof bath after treatment with mill scale 0-105 0*016 0-204 0*012 0*069 
Added 1 1 lbs. of 50 per cent, (t'rro-silicon 
(egg .si/e) and 33 lbs. of coal. Slag made 
from 22 lbs. of lime and S’S lbs' of fluor- 
spar. Wlien slag was fluid ^he analysis 

of bath was 4. . 1-07 0*092 0*248 0-020 0*044 

II lbs., of lime, 4-4 Ib*^. of 50 per ccnp ferro- 
silicon (pea si/e) and 4-4 lbs. of fluor- 

s])ar thrown on to slag ro7 0*096 0-234 0*013 

Since .slag w-as still dark, another addition of 
2-2 lbs. of 50 ])er cent, ferro-silicon and 
2*2 lbs. of fluorspar was made. Colour 

of slag became lighter 1-07 0*19 0*263 0*015 0*016 

Again, 4*4 lbs. of 50 -.per cent. ferro-sili( on 
and 4*4 lbs. of fluorspar added. Sheg 

now wbite. burnace tilted . . . 1*05 0*25 0*263 0016 0*008 

Composition of last slag ; — , 

SiO, CaO loO 'KlnO S Fe 

28*66 43-3 2*59 0*70 0*45 2»,22 

As illusli alive of the changes which 0('cur during the oxidising and de- 
oxidising operations, the analysis of the slag probably indicates moie clearly the 
progress of the refining, ami Table XCll (p, 469), giving the woiking of a 5-ton 
charge in a Rochhng-Rodenhauser furnace, shows the reactions which take place 
during the oxidation and deoxidation periods. ^ 

'I he (Icsulphiirisation carried out during the deoxidising period may also be 
seen fiom the following analysis taken during the refining of a Girod fuinace 
cbifge of 7050 lbs. of molten open-hearth metal. 'I'hepreiti^dmg oxidation period 
6f this same charge has been already given on page 466. 
lieoxidation peiiod : — 

.Sample No. C Si Mn P S 

After adding 52*8 lbs. of petroleum coke 

and 1 10 lbs. of refining slag ... 5 0*50 tr. 0-26 0*010 0*034 

After adding 88 lbs. of refi.iing slag . . 6 0*50 tr. 0*26 0-010 0*038 

„ 66 lbs. of refining slag^ . . 7 0*49 tr. 0*27 0.010 0*026 

,, ^ 19*8 lbs. of ferro-manganese 8 0*50 tr. 0*49 0*011 0-026 

„ ' 2*2 lbs. of powdered petro- 
leum coke and 1 1 lbs. of fcrro-sili'/On 9 0-52 0*07 0-52 0-015 0'026 

APer adding ii lbs. of lerro-silicon . . 10 0-52 ,0*14 0-52 0*012 0*018 

„ ' 8*8 lbs. of Icrro-npanganese . ii 0-56 0*14 o*6t 0*015 0-010 

Final sSample 12 0*56 0*14 0*62 0-015 0-010 

It would api)ear from the investigations made, that the formation of calcium 
carbide plays an iir.poitant part in the desulphurising reactions, although con- 
siderable difference of opinion exists as to the way in which the reactions occur. 
Mr. E. H. Saniter,‘ tb whom the steel making industry oives much for his 
investigations into the question of the removal of sulphur from steel, doubts 

‘ “Journal Iron and Ste'^V. Institute,” 1910, II, p. 206. 
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.whether calcium carbide has anything to do witfi desulphurisation. It is at any 
rale evident tliat fluorspar is in some mcasui^^ responsi[)le for the reactions which 
occur, as when used both in the opcfi-fiearth and electric furnace^}^ it is accom- 
panied by a rcducliin of sulphur in the steel.* A continuance of the investiga- 
tions into the subject wilT no doubt establish definitely the actions which take 
place, and probably result in economical and rapid methods of desulphurisation 
in most, if not all, of the ty[)es of steel-making furnaces employed. 



CHAPTHR XLV 


COMrOSIl^rO\ of C/ZIFi.'FF ^ EMI’I.OVFO, ,i\'n / V.//. }’W;\V 

AXD 6 ^A'S, ()F .\JFhL l*/<OnFCFI> IX^lHh Ff.l.CIFIC 
PKOCKSS 

• 

'I'hk niaiuifacturc.of btccl in tlu' <‘K<l?ir furn.irc can be < l.issilu d under three 
heads ; — 

(1) Steel made from juire rau inaluiaK, melted ami "killed ” onl), as inihe* 

crucihle furnace'. ^ » • 

(2) Steel made treiiii cold »ia(erials me-lted and re rmed, piodneme, steel of 

sujierior equality to that ol the- law mateiials e'h.Uj;* el. 

(3) Refined steel prodiu ed from *hl()'.\ n e'oiue tle-r metal 01 1 ^1 tid dly refined 

molten opm-hearth stevl 

Steel jirydiiced under heading (3) is the* result of the eluplcv jiroei ss, i.f, the 
conibinalion of the Ik'svmier coiuerlcr and eh e die fuinaee or lh<‘ ope n lu'arth 
and electric furnac e. 1 tese'riptio^s ol the mated. iK usul m the duple \ processes 
apjiear in Chajiter XX.XVll, and nfeieiiee -.hould he* made' to this chapter 
for descriptions and details of*rhar^.'s refined in the* ch'etiie- turnaee. 

Ry fat the hugest propoilion of ste( I made in the elee'iric luinae( from cold 
materials is made from st^cel se'rai> I’lg iron in large,* proportions in the cold 
(harge is selehyii used, as it prolongs the opc ration, he eaiisi* e)| the* increased 
presence of e'arb on and other impuntits in tlu,* non, which take hingi i lime to 
lemovo, and < ot; ieiyiciuly mote fle< ti i< |)')\\( r, as \\(11 as higlu 1 woikmg costs. 
The usual practice is to ch.irge slee 1 sc laj) of su< h .ui.dssis as vmII givi- as nearly 
as possible when iiKlted, the- rcojuireal carhon eontc'iU to the finished stes 1, l^y 
this means the refining period is reduc ed to a minimum, and tlie c ost of working 
tlierehy diminished. In cas(_s wheie high e a^hon tool stcjcl is produced, and 
scrap tool stc-el is not available, [)ig ircjn and pur** iron bar c niimgs arc; used, 
mixed in sfie h proportions as will give; as ne.irly js possible' th-* ,1, sired ste*cl. 
'I'he |)rc)cess then is [..actic ally one ol melting ami “killing” cuily, as *in the 
crucilile pro(es^. * , » 

'bhe foIh)wiiig tal)Ie gi\es the; jiower required U) jtrodme; i ton c^ stc;cl, aivj 
shows c learly the sating in [)owc;r in wor|.ing witli sc fa[) stee’ . - , 


Ki/ou’aF-houj s fucauv //or (ho ptoduction ,•/ r ton of strd { luhA nhouser 
• Sihocnaioii)} • 


From cold* pig iron 

liepiid pig iron • % ■ • 

,, cold pig iron and cejld sciap 
,, li(|uid pig iron and cold scrap 
,, cold scrap . * . . . 

^ “ [oiirnal Iron and StLcl^fnstitule*,” 1911, 11 , |). 


K vr )iour> 

I 500 

1130 1200 

eiOO-I ^00 
OOO 1000 
3 CO-(jOO^ 
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Uses of Electric Steel.— -With the dev<fior)mtnt of the electric process, more 
and more applicitiorfs are found for the steel produced, and it, is impossible to 
give a definite list of^thc uses to whifb this'steej canie put. Npt only is the 
electric furnace now ysed for making high-speed and carbon ‘tool stfels similar 
to those ihanufacturea in t^c crucible furnace, l)ut» it is also being used for the 
production of special alloy steels and steel castings. (The large furnaces 
working under the duplex piocops are being used for refining steel for rail 
ingots, etc.) 

The limitation set upon the use 6f steel from the electric furnace is that of 
cost, J^nd consequently, only higher grades of steel, which cofilmand a fair price, 
are made in tlie electric furnace when charged with cold raw materials. There 
is no question as to the quality of thq steel produced, and fr^qucptly the steel 
made by the electric furnace is of higher quality than that made by the older 
types of fuinaces producing steel for the same purpose. 

From the above it wall be seen that, so far, the electee furnace may be 
considered as a competitor of the crucible furnace, small Ikssemer converter, 
and small open-hearth furnace, and its ultimate partial or complete displace- 
ment of these older types of furnaces will depend mainly upon the comparative 
costs of manufacture ^f steel in each process. In 'bable X(T 1 I is given a 
list of anal}ses of some of the steels w'hfeh have bejen made in the electric 
furnaces referred to. 'bhey, however, in no way indicate the limits of analyses 
of steels w'hich it is possible to make in any one of' the types of furnaces 
mentioned. 

Materials used in the Charges. — The quality of the materials used and the 
composition of the charges vary within very wide ranges, and dfpe^id not only 
u[)on the raw materials available and the imality of steel to be ])roduccd, but 
also upon the ty[)e of furnace employed. In furnaces where scrap charges arc 
commonly used, care should be exercised in the selection of the scrap, and 
where this is ])urchased from an open market, some method should be adopted 
for its classification and supply. The pig iron used with the scrap in the charge 
should be of good (piality and as free as possible from phosphorus and 
sulphur. ‘ ‘ 

'Fypical analyses of suitable pig irons arc given in Table XI, page 14. 

^ool Steel Charges and Analyses.— Tor the production of tool steel in the 
electric furnace, prol)ably the most economical method is to simply melt and 
kill" high (juality raw' materials, or, in other words, use the furnace as a large 
crucible heated electrically. It has been by means of the use of high-grade raw 
materials that the crucible furnace has maintained its position as the most 
suitable furnace for the manufacture of high-giade tool steel, gnd it is by 
follov, mg these methods t'lal the electric furnace is most likely to compete 
commercially with the ciucible furnafc. It must not be forgotten, however, that 
the electric ffirnace has the advantage over the ciucible furnace in that 
considerable refining of the materials can be cairied out in- it, consequently less 
ex[)cnsive raw materials can be used hi the electric furnace and still produce 
eqU'-^lly as good steel as would be obtained from the crucible furnace using better 
quality ma'.eiials. Provided dial the steel from each process proves as 
ccononpcal in working, Mie deading factor imthe use of high quality materials 
in the electric furnace simply melted and killed,” or lower-grade materials 
melled and refined, will be m the cost of production! 

Follow’ing are t\<o typical charges ' of materials used in a i-ton Kjellin 
furnace for the production of carbon tool steel having the following analysis : — 
C, o‘4 to 2'o per cent. ; Si, 012 per cent., Mn, 0-34 per cent.; P, o'or4 per 
cent. S, o'oi;2 per cent. , 

* “Journal Iron and Steel Iislilatc,” 190C, HI, pp 397-9. 
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4 f) 

Charge i. — Production of carbon tool steel from* high-grade pig iron, scrap, 
and briquettes, in thf Kjellin furnace. 


Materials chargecf : — 

White pig* iron 1457 ids. 

Steel scrap. . \ 439 „ 

Briquettes 220 „ 

Ferro silicon (50 r^Si) .... 17 „ 

lerro-mangancsrj (80 % Mn). . . 15 

Aluminium ;* i oz. • 

r 

Proljress of hca^-: — * ' ® Units 

Tunc. r • consumed. 

5.30. Charging § of pig iron . . — 

6- 0 f. . . . 67-5 

630 r- • • • 76-25 

7.0. Charging remaining ^ of pig iron and the scrap 82*5 

7- 30 85-0 

8.0. Clear mefted ^ 83-75 

8.30. Briquettes added 82*50 

9.0 82*50 

9.3^ Briquettes added . . . .* ' 82*50 

10. 0 82*50 

10.30. Briquettes added 82*50 

11.0 ^ . 82*50 

11-30 ■ . . . 82*50 

J Ferro-siheon and lerio-manganese added 73*75 

\ Tapped. , 

Total .... 1046*25 


Time taken, 6.V liours. « 

Power consumption, 1046*25 k.w. hours. • f 

Analysis of white pig iron {(lerrang) : C, 4*0 per cent. ; Si, 0*15 per cent. ; 

Mn, o’i8 per cent.; P, 0*012 per cent.; S, o*oi per w'etVt. 

Analysis of briquettes: Fe, 59*0 per cent. ; S, 0*01 per cent. ; P, 0*006 per 
‘cent.; SiOo, iro percent. ; CaO, 2*5 percent.; ABO3, 0*5 percent. 


« • « 

Charge 2. — Production of carbon tool steel from high-grade pig and scrap 
in the Kjellin furnace. 

Materials charged ‘ 


‘ White pig iron 914 lbs. 

Steel scrap 13^72 „ 

Ferro-sdicon (50 % Si) 4*3 ,, 

Ferro-manganese (80 % Mn) . . . * 6*5 „ 

Aluminium # ip . i oz. 


The time taken was 5 hours, and the power consumption 793 k.w. hours per 
toif' of steel produced. * 

Analysis of pig ivon, same as in Charge i. 

High Grade SteeJ Casting and Ingot Charges.— Apart from the manufacture 
of tool steel, the electr*ic furnace is applied to the manufacture of steel for steel 
castings and, high grade steel ingots. ^The material commonly used is steel 
scrap, with or without a spiall proportion of pig iron to give the desired carbon 
content. The following are typical ^Wges : — 
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Charge 3.— The follcAving** is typical of CiirtKi furnagL‘ pwctice, producing 

steercastings. , 

^ • • 1 . 

• • • • 

• 

Mifterials charged— • • 

• 

I’ig iron . ^ * 

'I'm mugs .... 

. • . • 580 lbs. 

Scrap iron and steel . . ^ . 

1010 ,, 

Return scrap from foundry , . . 

• • 0^5 .. 

Lin^e ‘ . 

• 

. . 130 


Fcrro-manG;anesc, forro-silicon* and aluinimiim added as rrijuirod, 
flepefKling upon the grade of fcteel to l)c produjj: d. • 


The charging takes about i liour, and the melting and refining aliont 5 iiours, 
for a charge of 33io lbs. 

A typical analyses of the steid castings produced is — 

0‘53 % ; 0*47 \ '.'0 ; M»i, o-.’ 7 S ''u , 1 \ lra< e, .S, o 017 '’0, 

giving a tonaeiiy of 35 7 to 40 tons^>er s(|^are in< h. 


4.- -HerouU Kurna^ e ( h.wge. 'The following • h.irge is for a ij-ton 
Heroult furnace working under favourable < onditions, proilm mg biw^irbon steel 
ingots. 

Co^nniFenced heat . 5 do p ni. 

Charge - - 

Scra[> ...» 2 tons 10 ('wts. 

First slag - 

Lime . 9 ^ 

Ifon ore 4 ^^ *• 

Sla^ removed 0.30 [Kin. 

Second slag - 

Lime 

Fluorspar . 45 >» 

f'erro-silicon ,, 

Ferromanganese 7 -» 

Coke dust ... 4 >» 

Pig iron (added at 8.50 p m^ .... 55 ^ 

Aluminium / * j 

• • 

Finished *9 , 

Total time • 3 hours 20 mins. 

Total units . • • . 13-*^ • 

Units per ton ...«•• 55 - • * 

Weight produced .... 2 tons 7 owls. 2 qrs. 15 1 

. , . ( C. Si Mn 1 *. s 

Analysis 0 037 018 0 005 trace [lor cent, 

* “Foundry Trade Journal,” 191O1 P- •S®* 
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Charge 5 .— Typical cold scrap charge * wdrkdd in* a i-ton Stassano Furnace 
producing mild steel^castings. 


Materials chained — 

* Cast ste^l scrap T •. . . 550 lbs. 

Sheet steel scrap . 770 „ 

Turnings . . . \ 330 „ 

„ (very rusty) ^ 154 „ 

Hematite pig . . . * • 62 ,, 

Ferro-silicon „ 

Ferro-manganese . . . 7 „ 

Lime 

CalciiTm carbide # * * . ^ 3 »» 


Analysis of steel produced (average of 8 charges) — 

C, 0-207 % ; Si, 0*236 % ; Mn, 0*421 % ; P, 0*027 %*; S, 0*043 %. 
Tensile strength of castings— 26 tons per square inch. 

• “ Joi^nal Iron and Steel Institute.” toil. II. d. 224. 
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Electric Furnaces in Canada before the War. 1‘nor U) ihr war the follo^fng 


companies had electiic finnat e inslaAlat 

Electric vSteel and Metals ( 'o., Wel- 
land, Ont. • • 

Armstrong Whitworth of Ca^iada, 
Montreal, Que. 

Canadian l?ralfeshoe C©., SherbVooke, 
Que. • 


if-Tor the inaiuif.u liir(' dI stee l ■ 

I 6-t()H Ih roult (lieliu' riuMa('e. 

I 3-ton IK'roull I'KctiK’ fiiinaco. 

3 2^-lon furnares of fixed design 
hut of ilic Ai(' type, aihl 
( I T-ton fiiinae<‘. 


Electric Furnaces in Caifada, 1917 During the war the following com- 
panies have either installed new furnact s 01 .idded to tlu ir previous eipiipment, 
making the position to c-nil ol 1917 as follows •— 


• • 

Electric Steel and Metals Co., Wel- 
land, Ont. • , 

Armstrong Whitwurtii of ('ana<la, 
Montreal, P.(). 

Canadian Brakeshoe (’0., Sherbrooke, 
P.Q. 

Canada Cement Co., Limited, Mon- 
treal, P.(J^ 

British Forgings, Limited, 'Toronto, 
Ont. 

Turnbull* Electric ^Metals, Limited, 
St. Catharines, Ont. 

Wm. Kennedy Soi^, Collingvvood, 
Dnt. ^ 

Water Iron Works, New l.iskeard, 
Ont. 

Manitoba Steel Foundrie*, Limited, 
Selkirk. . 

Moffatt Irving Steel Works, 'Toronto, 
Ont. 

Fraser-Brace & Co., Limited, Shawi- 
nigan Falls, P.Q. t 

Thos. Davidson Mfg. Co., Montrj;al 


2 6'ton I ITroull furnai es. 

6 ton 1 leroult fiirnac ( s. j 

) i 

I 2^00 Snydi r chctrii' furnace. 

4 6-ton furnares, c>f Ilfroult t)pe. 
ij 6-ton I leroull furnac es. 

I 6-fon 1 leroult furnace. ** ' 

« ^ 

I 3-ton Ilertnilt furnace. , 

I i\-^n IkiJiJult furnace. ^ 

I 2-ton Svyder electric furnace ^ 

2 

I 2-lon Moffat- Irving design. 

I 2.J-ton Ileroult furnace, for manu* 
fa< Hire of j)ig iron. 

/ 4 6-ion Siiyder electric furnaces. 
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Electric Furpaces for Ferro-alloys aiKf Eletftro(ie8.— In addition to these 
installations, which are mainly used for the manufacture of steel for ingots or 
steel castings, or low phosphorus pig ‘iron, "the /olloiJVing CQmpwiies operate 
electric furnaces for the manufacture of fCrro all|)ys : — • 


Electric Metals, Limited, Wel^nd, 
Out. 


Tivani Electric Steel Co., Ecllcvillc, 
Ont. 


International Mfg. Co., Orillia, Ont. 


4 furjiaces with capacity to produce 
50,000 lbs. per day of 50% ferro- 
silicon. - . 

4 fuinaccs with cafacity to produce 

^ 24,000 lbs. of 75^, ferro-silicon, 

and 1 3,000 Ibs^ of^ 85 % ferro- 
silicon. ^ 

5 electric furnace^ for the calcining of 

coal for the manufacture of elec- 
trodes for elecftic furnaces. 

I 2-ton electric furnnee. 

I I \-ton electric furnlice. 

I 1 '-ton electric furnace. 

•Of company’s design, known as the 
Stanfield-] wans design, for the 
, production , of fcrro-mol>bdcnum 

and other ferro alloys. 

I T-ton furnace, and 
I 1 \-ton furnace. ^ 

I or the production of these amounts 
of ferro-molybdenum daily, ddiey 
are made to the Company’s 
cles^n. 


The Electric Metals, Limited, were manufacturin'g ferro-silicon before the 
war, but have added to their equipment, making tlfe total instalTation as above. 

Tlie quality of the steel produced in the electric furnace^ has been, on the 
whole, better than that produced fiom the ordinary open-hearth furnaces. 

All electric furnaces, excepting those of tlie 'fhos. Davidson Mfg. Co. and 
fne Manitoba Steel Foundries, Limited, are basic lined. 

The companies making steel Fom the Ileroult furnaces use charges consisting 
largely of shell turnings. 'Fhe composition of the turnings is approximately the 
same as the final product reipured ; it is therefore largely a melting process, 
adding such additions to the charge as necessary in order to produce the required 
results. , ^ / 

TypicaJ Shell Steel Charge.-;-' The following is a typical charge for shell steel 
of a C-ton Ileroult electric '^uinace : — 

15,350 lbs. of shell turnings. 

400 Ibsf of pig iron. 

50 Ibf. of iron ore. * 

200 lbs. of lime. 

75 lbs. of fluorspar. 

175 lbs. of coko breeze. 

66 lbs. of ferro-manganese, 

88 lbs. of ferro-silicon. 

I i lbs. of aluminium. ' 
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• • 

The resulting steel givt;s an^ntlfsis of appro^niately ; — 

*0’4 carboy. • 
o‘*2 ' sfticon. • 

07 5 m.^^gane^e. 

|)ho''|)h()riis. 
o'o4 sulpluir. 

Electrode CoDSUmption. — "Ihe consiuniiiion of (Icrtiic ciuMuv aj'i'roxiinnlrs 
between 600 aiul 650 k.w. per ton of steel ^rodiiceii nous uoublc has lieen 
found in procuring «uitablc electrodes, and i}u-^'onvuinj4i« -n prr it)n of si(>l has 
varied from 20 lbs. to between 40 aiul 5^^ lbs per tfm 

The increase ^in the niannfaetuie of thdrie sital m C’.uiada has laid a 
heavy burden upon the {irodurers of ilTcirodes, the clvi dilli' ultv*in ihis 
respect being [n oblannng unift)iin (piaht\ of «nislud anihrat He (oal m sutlu lenl 
quantity. 'I'roubles also ha\e l)i.ui i \penent\d in (ahining tlu‘ anthiac lU’ 
coal, but they have^now hef n inaslcied. * 

By the couites^ of one of the nianiifaetuiers I am in a |o'>ition to give a 
cost sheet shouihg the cost of lupnd st»il in the ladle foun a 6 ton Ib'roult 
electric, furnace, 0]K*rateil dining the month of ( >( tolx r. j () 1 0 1 he pailu ul.-f^s 

given cover the metal IIums, rtfraiinus, IWioiii. and simdi i.ds d in 
the production of the steil. B.trt of ihe tune i\so fum.u'i '> w* i< at uoik 

1 also give ( iiarge ml cost of sn i,-! made m .i h ton Sn\d<i iliilm tinnaic 
constructed h) the 'I'hos l)a\ idson M..nufaduimg (\> , Montn al.» • 
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< « ^ ^ 

TABLE XCIIlB ' 

V 

Charge and Cost of Steel made in 6-ton Snydel Electric yuRNACB 
. CO istructed by TiioMas Davidson Mfg. Co. 


Cost, Liquid Steel. 

Basis pre-war. 

Basis Average, 1917. 


Dollars. 

Dollars. 

Dollars 

Dollars. 

200 ILs. shell ends or heavy scrap i' . . 

0.65 lbs. 

130 

^ 1.07 lb. 

2.14 

800 ,, crop and return, and sundry . . 

n 

520 

1.07 „ 

8.56 

000 ,, sheet hdls., turninj^s, etc. . . . • 

0 25 ,, 

250 

0.62J „ 

6.25 

80,, , low phosphorus pig iron . . 

150 M 

120 

,.^•40 , ,, 

1.92 

10 ,, ferro-silicon f5o%) 

2,oO „ 

20 

4.00 „ 

0.40 

16 ,, ferro-manganese (80%) . . . 

2.00 ,, * 

32' 

7-41 M 

1. 19 

4 ,, ore 

0.15 M 

01 

0.30 „ 

O.OI 

000 lbs. after furnace losses .... 


10.73 

- 

20.47 

(xx) k.w. h. electricity 

0.006 k.w. 

h. 3.60 

0.0142 k.w 

h. 8.«;2 

10 Ihs. electrode's . ' . . . . .... 

>.05 lb. 

0.05 

0.18 lb. 

I. Ho 

refractories 

— ^ 

0.60 

— 

' 1 - 3 S 

labour 


1.50 


2.50 



16.93 


34-64 

Administration and deprcciarion, etc. . . 


. 2.25 

J - 

4.00 

Cost per net ton li(|uid steel in ladles . . 


$19.18 

$38.64 
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COSTS AND LA^HOUK 

ciiAi’i i'.R xr,vii 

/\/SO\ iU'' 0>s/.v*()/ Il(jl7/> I. 

1 . rfOdtiicJ l>\ tJh i anu f'fi \ C) y. 

2 . I^u'dumi by dilfitfnt 

The following tabl«?s arc prepared fiom the costs of stM 1 i((oid(‘<| tn the pre- 
ceding c^lapters. M'ablo XCIV g»\es the cost ot si« < 1 siiiiahic lui bt^d castings 


TAHI^'. \( kV 

Costs i*rR 'I'on IvKOmd Sint i kommi) is ('ki i im i- Kukna(I'-, ri k Si no 

< \SI ISi.S ‘ 

•• • 



. 

1 • lyi' 

• > >1 > t III 1 .!c (ill II 11 «. > 




I 

1 •• 

• 

1 


0.1 (.,..1, , 

I gr liri Jlur 

No 

1 Item*. 

< fr fn. 1 

c <>k» liK •! 

( 1 .1 r-liti (1 

1 . ..Ill 





Hunls.hu. 

4 lull . 


” < 'lltlll 11) 

'• N. W 



¥ 




ItIC tt> 

1 

Cost of furnace , , . m . 


/, 1 200 


L 

7 :cmm) 

2 

No. of furnaces •• . . 

» > 

1 

; 10 

1 

2 

3 

1 Out|,ut in Ions pei week 

-’S 

: 25 

2S 

25 

! 25 

4 

No. of sliifls . . ^ . 

2 

1 

1 

2 

2 

5 

No. of heats jjcr sl\il(* 

3 

' 3 

4 


•3 

b 

Size of cruciUles u-.* il 

75 

75 ho 

Ss II'S. 

7 S 1 ! ’ 

7 S llo 

7 

No. of cru'.itiles in t.n li nn lniig 

2 

4 

3 

(> 

V. 


hole 






8 

No. of ineliing holes 

1 12 

12 • 

10 

4 

j 

9 

Maxirnum weight of eastings 

I ^ e \\ 1 ' 

',0 ev\ts 

20 1 Wt'' 

IS CWls. 

15 t W'ls 

lO i 

Kjnd of fuel used 

( wke 

( ok. 

Ci.k. 

( oal gis 

( o.d 

! 

• 



• 

) 

(I'l'il ) 

II 1 

rrice of fuel per ton 

23,. 6./ 

2p. U 

•s' 

lOl 

lot. 

1 


1 /, ' '/ 

/•s ./ 

/ ' .9 

/ 

•/, .. ./ 

12 ’ 

1 lepres lation and interest . 

2 > 

3 *J 

. ' 9 

. 8 -1 

• 5 ‘ 

i 

*3 

\\ oilving costs • 

Kcpuis 

4 9 

• 5 0 

§ 

I !(“ 0 

6 0 

5 ^ 

14 1 

huel • 

2 1 1 

I 0 4 

IS 0 

12 .< 

•5 

Crueihles 

19 0 

19 0 

' »5. 9 

10 0^ 

19 ' 


Labour -f 50 f<^r ufan.ig«--* 

1*10 9 

I lo 0 

• 9,4 

I iS 10 

1 ib 


me-nl 

• 

• 



• 

17 

Power 

' — 


• 3 


- 

iS 1 

Raw iiuterials, includiTig 

4 2 11 

4 2 II 

4, 2 11 

4 2 11 

4 2 ji 

1 

j 

additions and losj 


• 

• 

• 


_| 

'I'otal cost t)l lu^uid steel 

£9 <■' << 

V 3 

• • 

/'» 5 9 

/8 1 1 0 

/,S I 2 


_ _ ^ 

r * 



• 




* For full details of each cost, see c^a}^ls relating i<»ea(}i l)pc of furnaee. 

* this type of furnace is more |jrofiiabT(#v\hen used lor larger (;utpuls. 
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produced in different Crucible Furnaces. The maverials used In the charges 
arc of the same morey value in each case, and the lo^s in each furnace is taken 
as being the same. The “ Ordinary form” Siemens Furnace is'better adapted 
for larger outputs, Hhereby reducing the co^Tt of steel per ton. The Forced 
Draught Furnace, on ihe other hand, is more suitable for smaller outputs. ‘ 

In Table XCV the cost of st ^el for carbon and high-speed tools is given. 
The operating costs differ only slightly from those in Table XCIV for making 
steel for ordinary castings. The la'oour and fuel costs are a little higher, but 
the [jrincipal item of cost is material. Thus, for high speed< iteel, the materials 
of which ilie charges arc corfiposed may cost from ^^^50 to ^200 per ton. 


' TAhl.K XCV 

Cosis ri R Ton ok I-k.uiik Smu i-kourf ko in (’ruc’.iue FurTmcfs, for ToolS'IEEL* 




Typo of funmfc used — ordiiury f >kc fired Huntsman. 

No 

Item. 


Hii'h speed tool .steels. 



C.^rbon tool 






strtl. 

* 




( 

r 

0 

A jijrade 

H gi.ade. 

C giade. 

, 

Cost (if furnace 

/■12OO 

/■1200 

£1200 

/1200 

2 

Out)* ’'Mons per week . 

25 

25 

25 

25 

3 

No. of shifts 

2 

2 

2 

2 

4 

No, of heats per ^hifl . 

3 

3 

3 

3 

5 

Average eaiiacity of crucibles. 

55 lbs. 

55 11^'- 

55 11 )^. . 

55 

6 

No. of eiueililes in each inell- 

2 

2 

2 

2 


mg hole 


' 



7 

No. of melting holes . 

16 

16 

16 

16 

8 

Maximum weight of ingots . 

15 cwts. 

11; cwts. 

15 cwts. 

15 cwts. 

9 

Usual ,, ,, 

50 lbs. 

50' lbs. 

50 lbs. 

50 lbs. 

10 

Kind of fuel used .... 

Coke 

( okc 

Coke 

Coke 

II 

Price per ton of fuel . 

28f. 

28 J. 

i8j. 

28j. 



d. 

L f- d. 

£ s, d. 

£ s. (/. 

12 

Interest and depieci.ition on 

3 0 

3 0 

3 0 

3 0 


furnace 






Wuikii ' Crisis - 






Repurs 

4 9 

! i 9 

4 9 

1 4 9 

14 ! 

(Filed 

440 

; 4 0 

4 18 0 

4 iS 0 

*5 ' 

Crucibles . . . . 

*3 

13 

13 6 

13 6 

16 i 

l>aboiir -f 50% for manage- 

(277 

2 7 7 j 

2 7 7 

2 7 7 


ment 





17 

Raw materials .... 

»3 3 3 

74 12 5 

75 13 n 

150 12 10 


ToUd cost, of liquid steel per tun 

/2a 16 I 

^^2 19 3 

^^4 0 9 

j/158 19 8 


‘ Fo^ full dcl.uils u^cach cost, see Chaj)ler X. 


, Table XCVI shows' that the surface-blown plants c^n be adapted to almost 
any si/e of steel foundry. Fq’- ordinary and highj quality castings of large and 
small y^eights, it is equally we,U adapted. Even double the highest output given 
in the table, namely 320 tons per week, could be produced by duplicating the 
plqnt, and castings correspondingly heavier than 2'o tons could be procured if 
four vessels were b^ing “ blown ” at one time. If, however, the, bulk of the 
castings produced were each over 20 tons in weight, it would be advisable to 
instal larger converters and fewer of them, or open-hearth furnaces. With refe- 
lence to the , small outputs given in the table, . namely, 18 tons per week, the 
price per ton of steel in the ladle is qearjy 20 per cent, higher than that of the 
larger plants. , 



Comparative Costs per Ton of Liquid Steel from Surface-hi own Ci>N\EKTtR Plants, capable of pkoducing from 320 to 18 Tons 
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t • 

( 

Table XCVII gives a comparison of cost's ol stef/1 for castings made in a few 
types of electric furfiaces. 'J’he cost of ocr^p given in the cold charges differs 
in each case, but the molten pig iron for the charges which aie r'efined, is taken 
at 5or. jver ton. * f . 


lABLE XCVII 

k 

C()MrAkATivE Costs tkr Ton or Lh.»uid Stf.el troducld in ^V-ectric Furnaces 
FOR SiEKL Cast IN os' 




('iitod furnace. 

R^)klihnK-Ko<lenh.auser 

j,furna<e. 

Hcroult furnace. 


Itciui. 




{' 

■■ 

'15 Ion fur- 

aj ton fur- 



AtrUinf; 
cold scr.tp 

Kcliiiing 

molten 

clmrge. 

Melting 
cold scr.jp 

Relitnng 
molten ' 
charge 

nace refining 
molten 
cli.irgc for 

nace melt- 
ing cold 
scrap for 

< 






r.nls, etc. 

castings. 

I 

('ost of e(|uipmlrit _ . 

/20OO 

''/,2000 ' 

Kj-l 

0 

0 

£6000 

/2OOO 

I 

2 

No, of furnaces . 

1 

I 

I 

3 

Capacity of furnaces . 

2 \ tons 

2I tons 

2 Ions 

5 tons 

15 tons 

2j tons 

4 

No. c^f hi'its per 24 

4 

10 

4 

8 

12 

4 


hours 







5 

No. of shifts , . 

2 

2 

2 

2 

2 

2 

6 

Output in tons per 

50 

*25 

.40 

200 

iwo 

50 


week 




' 



Depieciation and in- 

£ s. </. 

£ ^ 

Z 

£ s. d. 

£ s. d. 

£ 

7 

2 5 

1 0 

3 

I I 

4i 

2 4 


teiest 








Working costs — 







g 

Rcjiairs .... 

12 0 

4 0 

2 9t 

2 8 

9 

2 6 

9 

Power . 

1 5 0 

S 6 

1 2 8 

7 3 

3 

19 9 

10 

hdectrodes . 

4 0 

I 7 

3 


1 6 

5 

1 1 

Lahoui .... 

4 9 

2 S 

2 I 

9 

6 0 

12 

Raw inaleiials . 

217 0 

3 4 h'' 

2 12 ()’ 

3 4 0^ 

3 4 6^ 

2 i8 9 

13 

‘ Muxij'^ indadditions 

2 5 

I 7 

2 () 

2' 6 

3 9 

1 4 6 


Management (50 % 

2 4 

I 2 \ 

3 

I of 

4i 

3 0 


, of labour) 



1 




Cost of liquid steel per 

:/^5 9 


1 1 

£4 13 4 /.4 0 ^\£i 15 It 

/;5 2 8 


ton 


£a 4 9i^ 




1 


' I'or '“iull details of each cost, see ehaj tcis rclatlnj^ to each type of furnace. 

* Cost of molten pij^ iron is taken at 50X, per ton. 

* This lost of raw 'material,'^ s^iould he increased, wlicn compaiing it with the others given in 
TaV'.c. 

Royally charges, ladle Ivoating and rejiairing, and water cooling of electrodes, are not in- 
cluded in the above costs. 

Cost of [kAver is taken at per k.w. hour throt'ghovt. 

n ^ 

Table 'XCVIII gives the comparative costs of steel made by different pro- 
cerses for the same classes of steel castings, such as automobile and other like 
intricate castings. ^The processes ^nd furnaces can be employed also for 
medium quality castip^s. 



TABLE XCVIII 

Comparative Costs of Steel lkodi old in Different Furnaces for Steel 
Olifli — 20 lo 40 Tons i er WhLK 





For full dcLti;-> of each ^oat, see cha.p'^T> rcLaur.^ to each t%:< cf furnac^ V 

The ev-»t i> basej on 2 heals per If worLci full> for 24 h-j^r^. 3 heats could be obiajnetj, thus rcdccjng the cost, 

Workino 3 days per vreek. * Lxclusisc of royaltf chargeli etc. Sec Tal>le XCV 
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For full details of each cost, see chapters relating to each type of furnace. 
Cost of molten pig iron is taken at 5ar. per ton. 



TABLE C 

Comparative Costs of Steel produced in Different Furnaces for Ingots, Output from i,ooo to over 10,000 Tons per* Week* 



or full CetAils of each co>:, sec chapters re!a*. 
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Table XCiX compares the Bessemer, 6peh-hoirth, and Electric processes 
for the production gf steel up to 320 tons per week. The costs are based on 
maximum outputs from each plant.. The electric furnace costs 60 not include 
items of'vcost, such a.l royalty charges, and lad’.e |}eatmg and repairing. 

In Table C are (Compared the Bessemer, Oper-hearth, Talbot, and Electric 
processes in producing steel ingots. The pig iron in the molten charges 
is taken at 505. per ton. The most remarkable cost is that of the 35-ton furnace 
melting cold charges. • 

4 r* 

American Bessemer Converter 'and Open-hearth Furnace Steel 
^ w, Cosis compared. 

About five years ago * a most careful and laborious investigation was under- 
taken by Commissioner Herbert Knox Smith of the U.S.i^., for the Bureau of 
Corporations investigating steel costs in typical plahts, with the object of estab- 
lishing some definite record of the actual costs of items of expenditure in the 
production of steel rails and billets in Bessemer and Open-hearth plants, together 
with records of the prgfits and losses of the v.^Lrlous Steel Companies engaged in 
such manufacturcC. 'I'he investig^itions v<ere most exhaustive, and made by a 
large staff of men ‘Hinder the direction of an expert steelman,” who examined 
numerous accounts from the various manufacturers who 'together produced 93 
per cent, of t.ie total rails in the United States during the period of five years 
under consideration. 

In view of the value of the information collected, for comparison with cor- 
responding items of costs of steel produced, by the various processes of steel 
manufacture summarised in this chapter, the following Tables, Cl, CII, CIIl, 
and CIV, have been [irepared from the Commissioner’s figures. 


TABI.E Cl 

Cost' UK I’KUDUCINC. BeSSRMKR PlG IRON (a 1,I, mS'IKICTS), DURING I902-I906 
Toiae ions rR0DUCED-~5 1,902, 699 


' Item', of Cost. 

Price per ton. 

Cost per tun of pig 
iron. 


£ 

■Xs 

Nett total metallic mixture 

0 16 

I 10 5 

Coke , . ' . . . ' 

0 14 oj 

' 0 16 2j 

Limestone . . 

— 

0 I 9,J 

Labour ^ . . . . . < 

— 

0 3 

Steam . . . 

— 

0.0 6 

Materials m repairs .uid m.iinlt nance .... 

— 

008 

Suj)plies and tools . 

— 

0 0 

Miscellaneous and general works’ expenses 

— 1 

0 I 2 

flencral cxi)ense • • 

— 

0 I 6 

Ketining ami renewals 

t ♦ — 

009 

Dejirecifgion j ... . 


0 I 

' 

Tota), 

, £2 18 4 i 


* “Iron Age,” vol. 82 {190S), p. 1987. 

’ The ileniof lat>our does nol include^ for ^nuch of The tonnage, Ihc labour of unloading 
raw materials and producing steam, which fome of the companies include in the cost of raw 
materials and in the item “ Steam.” , ^ 
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i ii • 

Cost or i-rodi^ in<; sjhh lUfis oukisc. i<>oj i .^>6 

^ • Tu^s I’KnDrj^ i)~i4,o.’o, ;o^ 


Items of 


I’l '. «• I 


t I'ft t^ii . f » iilv 


Bessemer iron ‘ . 

Waste ... 
Labour . . . ^ 

Manj^ancse, etc . 

Fuel . . . • . 

Steam . . f , ^ 

Moulds 

R..lls . .... 

Materi ils in rep uig .tnd 
Supplies and tools .* 

M isi (“ll.ineous and ^e^er.i 
(leiicral expense . 
Depictnilittn . 


aiaintc n im 1 

1 Works t Xp^^lo^ ' 




« 7 i 

S < 

I I 1 

• 

’• 7 

0 Sj 

1 <i 

I I \ 

: i\ 


• . I'ld M u ;1 

•, 

< 'pt. rat in^ cosi.^jn i ,.ii\ I t^ioi. lioin |,. ;i,,ii /i ijf * 

* The tlifFercnce in piui*of pi;^ non fiom iliit r,.\tn ol la < im 1 pi,; iiori in I ddi ( I 
IS due to variations in (tie u>sl of tin . \. i ss of i.mn u;< , uid to ou o.nu o| dj.' woii. 


r\i’.i.i < III 

('oST OK I'lOMM < INO I AKol III .s| Ml K A M > ( ) 1 i N - Ml \ K I 1 1 I I M |!l I I M S 
t ).i ki\i. i<>oe ni'Xt 


1 oils ja 



I .1 r ii, „ < 1 il 

,1 .1 > ;i . 


I’lC iron and .trap ... 

Waste I 

Cost (jf piR iron and scr i[> in l>ill< t , .... 

Variation in cost of ingots* . 

Labour. . • . , . 

M.inganese and fluxes ... 

Fuel • r. 

Steam .... . . • . I 

Moulds .... 

Rolls . . • 

Matei lals in repairs and iii^aiiit* n.im e . 

SuRplies and tools 

Miscellaneous and general porks’ o.xptft'^-'' • 

General expense . . , 

Opcndicarth rebuilding 

Depreciation ♦ 


i 10 y 

0 S 

» 

1 7 

o 1 l> 

'> pt n 
o I (>\ 
o I 

o 2 <d 

* • 

o o I 
o I •» 1 
o o M 
•o I i J 

• O O ^ 

005 


Totals 



/ * t “i 


I 


1’. . ' h 

/. ' 

0 t) 10 

1 4 3 

o o 3 
0 6 7 

o 2 5 i 

o 

* o I O'. 
O*o .SI 
O o 2 9 
O I I I 1 

O I h • 


• « 7^ 



o o 5 i 


/Cl 


* Tliis variation is tliiefly due if llie fu> that only a portion of the ingoV made w< le m 
for large billets, and the average jirice at this portion wa> used dilTetcd liy tlul me 

from the average cost of all ingots. , ^ 
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TABLE CIV 
' f 

CoMrARATIVE COSTS, SELLING PRTdT:sr, AND Pr»FITS iN THE J’ROftUCTION OF 
^ ^ Steel Bii LETS HU KiNC^^ 1902-1906 > 



- W 

1 nesscmcr. 

1 Ouen-heai tli. 

Average selling 

Item 

Year. 

h 

Cost per ton 

, Profit jier ton 

1 

Ip 

1 Lost per ton. 

1 Profit per ton. 

prices of 
Hessemcr and 
i O.H. steel 
Billets. 

V 


r f J. 

£ s. d. 

£ -f- d. 

!/r,A 

£ -f. d. 

I 

llit^hes^ (1903) 

1 5 3 ni 


6 I 0 


5 18 

2 

Lowest (d/)5 ) 

1 3 *2 7^ 

— 

3 16 0 

— " 

4 5 9 i 

3 

' H' 

Averaf^e (1906) 


0 15 SJ 

f — 

■127 

(1904) 

Average dur- 

f 4 

I owest (1906) j 

- 

027 

1 

<• 

1 ^ 5 

ing period. 
^ I 3 


2. The cost of /,'3 i2r 7T/. was merely the cost for' sled bold, hiit’about 9 times as much 
more steel was made and used l»y the same company at a cost of ;{,3 i6l d/,, which js perhaps 
a*r\iier, and eeilainly a more signifkaid fii^ure. ' 

German Steei Costs. — dhiblc tv is ^ircpafcd from costs f^iven by Mr. F. 
(iiassman ^ for manufacturing stcei in the processes enumerated. The items of 
cost are pf interest when compnied ^Aith those in the otkdr tables. 

, I 

TABf.K CV 


Basic Sieli,. Cosr ri R 'Inn of IKgots 


No 

Items of Cost. 


Bade 

Blssciiu r. 

. P 

Daelcn _ 
'./czoIL.t. 

Talbot. 

Bertrand. 

1 liiel. 

0 . H, 
Scraj) 
ProLCsb. 

- 

I 

Raw malcii.ds for l ton , 


£ 

2 

s. 

16 

d. 

0 

/; 

2 

r. 

15 

</. 

£^ 

2 15 

</. 

0 

2 c 15 

d, 

0 

2 

J. d. 

10 I 

2 

l.oss m converting 


0 

8 

9 

0 

6 


— 



— 


0 

5 1 

3 

Cost of other materials : - 
* Dolof. ‘je .... 


0 

I 

0 

0 

0 

7 

0 1 

0' 

0 

I 

0 

0 

1 


Tar 


0 

0 

A 

0 

0 

I 

0 0 

1 

0 

0 

I 

0 

0 I 


'Oie 


0 

0 

ol 

0 

0 

9 i 

0 6 

0 

0 

6 

0 

0 

0 3 k 


t’okc 


0 

0 

3 i 

0 

0 

2i 

0 0 

I 

0 

0 

I 

0 

0 I 


Coal foi gas .... 


d 

0 

oi 

0 

2 

2f 

0 3 

6 

0 

3 

6 

0 

4 0 


Coal foi ste.im . 


0 

2 

2 

0 

2 

0 

0 0 

9i 

0 

0 

9 

0 

0 7 


lame 


0 

2 

3 

0 

0 

9i 

0 0 

9i 

0 

0 

* 

0 

0 94 


(Ir.qihilc, wood, alumtmr 

n 

0 

0 

I'i 

0 

0 

I 

0 0 

1 

0 

0 

0 

0 1 


Ladle stoppers, etc. 


0 

0 

4^ 

0 

0 

4.^ 

0 0 

4.^ 

0 

0 

4i 

0 

0 


Ingot mojdds 


0 

o< 

6 

0 

0 

6 

0 0 

6 

0 

0 

6 


0 6 


1' erro-mangancse 


0 

2 

0 

0 

2 

0 

0 2 

9 i 

0 

2 

9k 

0 

2 0 


Miscellaneous rcpaiis ond 
'' stores materials , 

1 0 

I 


0 

2 

6 

0 2 

10 

0 

2 


0 

2 6 

4 

Wages . 


1 0 

2 

0 

0 

4 

0 

0 4 

0 

0 

4 

0 

0 

4 6 

5 

Sal.irics 


* 0 

0 

6 

0 

0 

6 

0 0 

6 

0 

0 

6 

0 

0 6 

6 

Interest !\nd dejirccialioii. 


1 0 

h- 

* 

* 

0 

!• 

5 ' 

0 I 


0 

I 

2k 

0 

J 5 


Totals .... 

£ 

3 

18 

lol 

3 

19 

j 

2 i 

4 0 

o4 

3 

19 

2k 

3 

14 1 


Value of hyc'produc's 

£ 

0 

4 

0 

' j 

0 

0 

6 1 

0 0 

9> 

0 

2 

0 

0 

0 6 


Actual net cost of ingot iron 


3 H »oi 

» 

3 

18 

8 j 

3 19 

3 

3 17 


3 13 7 


‘ “Stahl und Eis*,'\,” vol. 21, p. 1021, 
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Thk. various ilcms wluch to lonn the ('<>vt nl st(cl i< (njitc (Mtilul .'nul^ 
regular assenil)ling if they are to %<• of nal ‘x nx <• to iIic^sI.n ! m ik< i •( iiii»Ji^r- 
some methods are soinrlmies t u.| i)>( d,**iivol\ m ; ('t)iiM(i-ijalilr lihom and 
giving only indifi'eicnt results. *St(s 1 woik', nnnag< is ii.<ju!ie, in • oiu k n- form, 
tabulated results to wiyi h they ('an reCei (|in(kl\ \Mtlj tlx- nimnnuin oi tiouhle. 

'i'o arrive at a summary •! ar<imat<- costs, coiist.mt ucor<]s i*osi ki j)t of 
the weights of all materufls whi<'h*ate let eiv( <1 lor .tnd usi d m tin* m mul u hue 
of steel, No less im})oilant is, the ktt-jung ol a ('at< lul iiiord ol all Inborn 
involved in the \ariou^ operat^ns, as well a'' ot the pows r ( onsmu'-d for 
operating the furnaces and auxiliaiy pkmt, and for lighting sianding charges, 
such as dt^preciation of plant, and mtcncst on (.ipilal, .ind man.igcmciil expenses, 
ran be definitely fixed at so iiTiuh pej; ton of steel produ(<d .Knuding to the 
output p6r week, any other < onvement j)eri*d. 

System of Keeping CfStS ()nly those responsible for tlu tm.d assi inbling 
of the costs neell know whatihe various items of < <jsts .ire ]>ro\id< d the system 
i a good one. ( 'om [ilete a nd s,ilisf.u loi y r< suit s ( an be ol ilaiiu'd without h ak .ige 
of information, whicti manufacturers, as a lule, are .inxious to avouh In \j^ukmg 
such a system, it isneeessaiy to ohseixe detimtr rules whiK' afmdmg “ i^al 
tape.” 'I'he follosvmg an.' essential, and (an he caincd out readily. • • 

I All materials and stores whi< h ari* issued from sloie m aid ol steel 
manufacture, to he ordered on forms hy a lesponsible charge hand or foitman, 
a duplicate being retained in oider book. 

2. All fcfrms used re< (jrdmg the v.irious iten#j of < ost, to he ‘a) ai ranged 
that the minimum of labour is involved in entering the miormalion r- imiieti, 

3. All daily records of materials, etf., us. d and ste. ! i<odiir<d, to be 
collected daily afler»being scrulimsed and initTalk^l^by the’sii < 1 pla^t manage >• 
or superintendent, are passed on to f^ie cost < U rk^ Weekly records be 

similarly dealt with. • , i • 1 

4. The cost -clerk tp he '.nppl^cd with a list ^f all ibe malerials^ised in sle(‘l 
making, with the ])iices per ton, c^vt., or lb. agaugst eacUitem. 

5. A list of all the men employed on the sleid plant, will) the iHte ^ jtay or 

share of tonnage received, *indicated against tlie na-iie of < a( h man, to be kept 
by the cost cle#k. i^I'his list would imdude all auxibar)* hands, mk h ns Those 
employed occasionally about the plant on repairs This rec ord is simiily for 
reference, and to familiarise tli€ cost clerk with the cl.^sification of labour and 
the rates paid against each class. , , T, 1 1 . 

6. All labour records to be made.by.any of the ac( rediled reliable checks, 
such as clocks, etc. 'i'hesc to b»for\va^Ued daily to the lime clerk. 
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7 . All iteraSfOf cost to be reckoned at so [nuih p/r to,i of liquid ste^l in the 

ladle. ' ^ ^ 

8 . The total cost of steel produced during ' each' week -front say Monday 

morning ;intil Saturday, to be ready fol" inspioctjon by the following Tuesday 
morning, of each week.S - 0 

Methods' adopted and Forme used to Secure thd above Results.— Some 
allowance must necessarily be mltde in working any one system for various 
' processes of steel manufacture, but vhe 8 rules given above are applicable to all, 
although the forms used retjuire to be varied according to thf^rocess adopted. 

In giving the details of costs of steel made by the' Bessemer process, one 
may readily apply a similar or modified method to all the other processes, 
without 'jetting fortb the forms necessary for each of the othdr processes. The 
analysis of the cost of steel made by the Bessemer prodess is selected, as a 
greater number of items of cost appear in it than in any of the other processes. 

Surface-blown Bessemer Steel Costs, 

of Cost assembled. — , 

1. Raw materials^ used in actual manufacture. 

2. Other ma'ierials used in aid of mamifactu'-e. 

3. Fuel. 

4. Power. 

5. Rabour, 

The following items arc added to the above : — 

6. Depreciation and interest per ton of steel made. 

7. Part charge of management expenses.' 

I. Raw Materials used in Actual Manufacture.— The following list of 
materials and prices to be kept in cost office. The prices to be adjusted as fresh 
purchases are made at different costs. 

Pig iron. 

Scrap steel, heavy. 

ligi't- 

Ferro-manganese. 

SiJicgelci-m. 

Ferro-silicon. 

Ferro-chrome. 

Nickel. 

Limestone. 

Fluorspar. 

Aluminium. 

While ill is unnecessary for the cost clerk to have the analyses or any com- 
Dositions qf the materials with which he is dealing, it is, of course, understood 
that the usual analyses of '.‘.11 material^ are made and recorded by the chemist 
or the metallurgist before any materials are accepted for use. In the case of 
pig iron and alloys, where different kinds are frequently used they are known 
under brand’ names to the cost department, - These na.nes are either painted 
on boaiis which are placed on' the stacks of pdg iron and other materials, or in 
some prominent way the classification of the materials is made known to the 
yardh.ien who handle the materials. 

Forma for Recording the Materials used.— From the pig iron and scrap 
steel stocks in the yard f particulars of the weight of which are recorded in the 
raw materials ledger), charges are put on trucks and weighed on weighbridge 
before being .aised to charging platfornu The common way of setting the 
weighbridge arm to indicate the weighty, required per charge, and then adjusting 
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the weight ofuhe loa(^ acqj>rdiftglf , ft very simpft, and saves t^me in making 
accurate measurements for each load <)n the truck. Where this is done care- 
fully it is all thflit is.requir^d, ftivt there i:aif liability to error unless the pig iron 
and scrap jftre weighed separately. ^ The*pig can be weighed in sejunit^ trucks, 
or al^er the weight of the pig lias been acertained, the s/rap can be added to 
the same truckload. Thd latter method is corymonly employed \sh«n vTeighing , 
small charges for the plant in questiou. • 

The forms on which the weights are rl^ckc<], are listened with a clip to a • 
small board whicln|^ngs on the ivalf close to tli# weighbfidge, and is printed as 
shown in Form h • . * ^ 


*A \\ C Co., l.til 
Ithssi' MTR SI !• I I, l'I.\N I' 
t I'OKM I 

ci’P(>L.\ ciiAK(;r. sill 1 V 


L Shift * 


'l'lu“ foll<>\\in^ weights uf iffakti.il ^ to 1 h 


[lol i < 1) 1 1 


Pig iron *Xo i . * . 

1' urged sled sLr.ip, lie.W) 

„ ,, .. h'..:bi 

Scrap, J. ill end - . 

St,rap, ca-st sled, )i< .uy . 

„ M *. . 

fanicstonc .... 
Flnoripar*. . • 

Cuke 


fu ti/ m fij 

rfj m tij 


/ twt for fust /<hii;;(s iiid ^ i \d 
rt m.iindt r, 

!o i wt-,. 


do !)C handi d I" 1 otiin.m .it cixl of sluft 


The wei^^it of the various matt rials intended to he iisod daily with each 
cupola charge, is entered uj) on the form by the cl^argt -hand or (oteman'and 
for every charge passed up on the lift to th-^ charging stage a mark is •made on 
the form, every 4th charge lieing marked with a dygonal lyie at ross^lhe three 
previous lines, thus indicating that 4 cii[)oJn charges, ^hich are naiuiitd lor one 
converter charge, have been laised to the cuptda stage. , At the end of the shift, 
the recorder hands the form to the foreman or superintendent, wlio enters nhe 
details on the coFiverter» char|e slfeet. A fresh flniu i.s*issued to thff niglit shift 
weighbridge man, if two shifts are*being worked. ♦ * . ^ 

Form II is used for i^iving instructions to the chargeman at the jdiysic 
cupola, heating furnace, or crucibles, according to tbt method adojded for lAelt- 
ing or heating additions for the charge. In large Hessemer plants where the 
ingots produced are usually of two or three qualities cyiiy, very few variations 
are required in the ^veight aiurcharactor oi, the aihlitions. In the c^se, how- 
ever, of steel production for Vastingi in miscellaneous steel fofindries, many 
variations are made during the co^urse*o Vi. shift to meet the requirements of the 
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orders on hand. It is, of course, the aini ot’ thte st^l nj[aker to ^produce steel 
with as few changes in the mixtures as porsit le. , . 

The complete programme of charges for eacn days campaign is usually 
prepared^ during the preceding afternoon', « ^ 


A .R C Co., Ltd. 

" bp:ssemii;k steel plant 

- *• 0 Form II 

PHYSIC ADDITIONS FOR CONVERTER CHARGES 
.Shift ^ Date ^ 

Pig iion h.'id scrap steel to be incited in physic cupola. ^ 
h’crro-alloys of Mn and Si to be healed to rctlh^ss. 

Other ferio-alloys to be melted in crucibles. 


Materials. 


Additions to ch.irgcs. 

Nos 

Nev 1 

Nos 


'^9- 

7, S, 10. 

j avis. 

2 avis. 

^ avt^. 

S avis. 

^ i7Vt. 

j avis. 

I avi. 

avis. 

— 

SO Un, 

./() lbs. 

45 


SO Ibj. 

— 

2S 

20 Ibf. 

2\) lbs. 

1 lb. 

lbs. 

I lb. 

— 

— 




— ' 


Pig Iron No, i . 

, „ , No. 2 . . 

Scrap, cast steel, light 
Ferio-nnngancse 
Spiegeleibcn 
Fciro-silicon (50 
Ferro chronic . 
Aluminium . 

Nickel . 


Coke used during shift 

Limestone used during shift 

Fluoispar ,, 

'Fo be handed to Foreman at end of shift. 

Signed 



amount of physic, according ‘''f ^ h the fuel and fluxes used 

metal melted in the cupola, and also ,1^ charge of the 

does the “blowing, known aJ t It is, however, usual 

Si:," .tSS-'&e or . 1 . copol. pr;"- “ f ,.’3 « 
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^ I 1^, C 


I (tl. 


liESSh^lEK I^TEEL PLANT ^ 

. • FORM III • .• 

NUMBER OF* HEATS AND \VEI(|ins OK C H\KGKS» 


Shift 


1 

2 

4 • 

5 

6 

1 • 

8 

? • 

10 

1 1 
12 
*3 
H 


t>alc 


.noN 


Wci^lil of < ii|x>la 
• nirlal t-Jtivcilcr 


• • f 

\Vri,;ht“if pJ»\Nic I ..fJoiKlipJ 

fioin Lij^kol* ' M< tl III 1 (,llr 


: • . • 

The particulars on Forms I, IJ^and III arc transferred to the " I hat Sheet” 
at the end of each shift 

2. Other Materials used i|^ Aid of Manufacture - I’he cost clerk keeps a 
list of the materials which are termed “ other ” to distinguish lliein from raw 
materials.* These materials* include the following : — 

(a) All refractory maffrials used in lining and lepairing the converters, 
cupola?, crucible furfiace, ladles, etc. 

(/^) All metals ysed in repairs. 

(4 All stores. * 

Under {a} are the following : — 

Silica blocks of various sections, each different in pru e. 

Silica bricks, special shapes. 

Silica bricks, ordinary shapes. 

^ica cement. 

Fireclay blocks of various sections. 

Fireclay bricks, special shapes. ^ 

. Fireclay bricks, ordinary shapes. 

Fireclay Cement. 

Fireclay. 

• Canister, fihe. 

Gani?ter, rough. • • 

Clays, specially ground. 

Undei (^) are included ^ 

All kinds of metals, forged and cast, useo-in reoiacing worn, uronen, 
ar(W defbetive parts of the structure and plmit. Alsd thd various 
tools used at the cupolas and converteis. 

Under (c) are included, amoftg other jiems : — 

All kinds bf oils, ftts, tallfw, soap, waste, packing, ashestdk, wipers, 
crucibles, glove^, leggings,^rushes, file#,. black-lead, etc. 



LIQUID STEBL 


498 

Issue of Materials from Store, — Any riattrial^ wl^ch are Jcept in stock 
are issued from the store on receipt of a form initialled by a responsible person. 
Materials to be used in aid of the steel olepalitmenc nh’iy be dfawn^from the store 
also by other department of the wo*ks, b|it the number of the order given 
by the steel departme U superintendent must be quoted on the scores form. The 
forms need not be large, 3" x 2" being as a rule quue sufficient, and for con- 
venience they may be in book form, so that they can be carried in the pocket 
of the foreman or leading hand^ whose authority will be accepted by the 
storekeejier. ' . j ^ 

^he following is a copy of the Stoies Korm r ^ 


" ABC Co., 

STORES 

Department Order N(;‘ 

Shift 

riease supply hearer witli the following • — 

M.il/ iiaK ' I No .0 j Si/c. 


Si^^ned 


W->gM 


These forms are sent direct from the stores to the cost clerk, and from them 
the total cost of stores issued in aid of steel making is prepared, and entered in 
the summary of costs under the heading of “ Stores and Repairs.” Such materials 
as ganister, cements, and bricks, which are kept in* sheds near the steel plant, 
should 1)L weighed and counted res|)cCtively belore issue. 1 his is sometimes 
considered unnecessaiy and irksome, but to ensure accurate costing it is essential. 
A wihe aiipji ntendent or foreman will draw sufficient materials atone time to 
^ave sending frecpiently to the stores. T'here is always ample provision about a 
'steel 'plant for bms for a small stock of the various materials in constant use. 
WMiec'c the available storage space is limited, truck or cartloads of ganister and 
similar materials, after their weight has been checked on the weighbridge, are fre- 
quently emptied right away into suitable bins, in close proximity to the con- 
verters and cu])olas. When this practice is earned out, a list of all materials 
delivered over the weighbridge is si»nt to the cost office daily or weekly, accord- 
ing to tlK;*. frequency of the supplies. 

j.\Vhichever system is iiV vogue, an ^account of all the material used between 
Monday and Saturday should reach the cost clerk not later than the following 
Monday morning. 

3. Fuel’.—In accouhting for the fuel used), suiih itevms as 'the following are 
included . r 

Coke and \vood used in lighting fires in cupoUs, converters, and crucible 
furnaces, warming ladles and heating ferro-alloys (if neither gas nor oil is 
us'ed for these purposes), coal ortcoke used on steani craiies. 

Coke used in forndpg the bed of cupolas and in melting charges, in heating 
converters, in heating crucible furnace, and for other purposes. 

The bulk of tvie fuel used is coke, which ic generally suppl'ied in raib\ay trucks or 
in carts, according to the cituation of^.the works. When received, a record of 
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its weight at the weighl^idg%is itiaA^ the raw materials ledger, jind die eolce is 
then deposited in piles or bins coi4-e«iently situated m relation to the lifts for 
r f? “ stagftigs. . Fro'ni tHe'hiiis the eoke is taken in harrows or 

‘i’’® S' '-K. atKl tlie,charKC reewded on 

Forms I and II*beforc being.raiserl to the charging pUtlor/i ^ 

In addition to these^ records it is neceiviary to have a Finl Fotin for 
miscellaneous fuels for the purposes imiiied ahftve, otlier^Mse a vet\ considei ible 
difference may be found between the weiglit-wr,-, oidral at the weighbiidg,- is the 
fuel IS received anti^hose shown on l-'ornis I ai»t II • A eoiueni. in (own si is 
follows (No. IV)*: — • ^ i ‘ 


,A I? (' < .> , I t,K 

in ^s!- Ml* R s 1 M I n \\ I' 

• I'DkM I\’ 

MI^^ l’*I I AM < Il’s nils 


», W. : ( 


( i,i 


Coal** latjs . 

,, colililci 
Coke, haiil . 

„ soil 
Wood 

OiJ . . . 

« 

^ ' 1(1 I'c li lodcd t" I "0.111 III .i( I lid "I sill It, 

From Form IV tlRi steel sU|H imlemlenl enters on the Daih the 

amount of fuel used, and tlie rosi < h ik < ah iilati s tin t ost af < tudiiRd). * 

4. Power 'i’his item et (Dsl IS more easily an<l a< < matt 1^ m < mdeaf than* 
any other. cMeasurinR' instriinu nts are now so n^nu nnis and t vat t that t h t '^uad 
power consumption at least, can he deti mimed with the ^re.itest dej^ree (jf 
accuracy. M^idern steel plants such as the tyi)c now leh rrttl to, as well as tluj 
machinery used in conjun Mion with the jdant, are usflally ojk rated t h t tricMly 
Whether the j)ower used tor operating the hlywi rs, lilts, (ranes, ett , oi jlie steel 
plant is taken from a generating slatjon m thewsMks,^or from:| supfily giinpany’s 
mains, a meter for registering the amount of cuireii used hv ilu' stei 1 jd^int 
should always be fixed to the sectional swifrhhoard. hryni the im t( r it is \( ry 
simplejo take the readfngs. If a day shift only is at work, llu ri (ords an m.fde 
each day after w«rk cerises.* If §. night shift if also r?inj»h»)(d, rtfidings are 
recorded at thl^ end of each night .wid day shift. ♦ ' ^ ^ 

The pow'cr log sheet (Foy-in V) is as follows, and indicates the total kilowatts 
consumed per shift fur a week’s run 
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A B C CC., (ltd. 

besskmkr'’s'Vkei' plant” 

, P'ORM V I 

ELECTRICITY— POWER AND LIGHTING 

t, ** r Week ending 



t 

Shift.* 

Powei meter readinf^s. 


Lighting units 

Day. 



Power units 


At bcgiiming 

At entl of 

ronsunied. 

consuined. 

V 


shift 

sliift 

' ' 


(Monday , . . | 

Day 

Night 


( 

f 



Tuesday , , , | 

Day 

Night 





s^edncVilay . , | 

Day 

Night 





Thursday . . | 

' Day 

Night 





Friday . . , . j 

1 lay 

Night 





Saturday ’ . < 

j 



[ 


'I'otal units consumed during v eck . 




Automatic recorders are sometimes employed^ but reliable records can be 
obtained if the log sheet is kept properlyi^ 

A definite price per kilowatt noui is arranged by the man,ager, for tne electric 
power supidied to the steel department. If power, hbwever, is purchased from 
an outside source, the "j^rice per kilowatt hour is- fixed by contract. In either 
case, the labour of the cost clerk in determining the cost of power is a matter of 
multlphtaTl'i t. only. ‘ 

^ ^ Spme adjustments for power require to be made occasionally, as the auxiliary 
plant used on some parts of the steel plant is also used for other departments. 
T'he'power consumed by the apparatus or cranes in question should therefore be 
ascertained and deducted. This calculation need only be done once, as the 
proportionate use of cranes, for instance, in the casting shop wpuld not vary 
much as long as steel was being produced. 

The current for lighting may be reckoned quite separately, as on account of 
the cost per unit bring higher than for power, independent meters are usually 
fixgd to record the consuLiption for lighting. On Form V a column is given 
showing the units consumed in lighting. 

'"Form V need not necessarily be sent to the steel superintendent or foreman, 
but it is advisable to do so iiTorder that he may see what consumption is being 
recoriKld against his dbpartme'.it from week 'vO week, and also fb prevent any 
errors tiassing to the cost clerk. 'The former thevifore reviews all the forms, 
except the ^itore sheets, wlfich go direct to the cost clerk. The steel superin- 
tendenFor foreman need not, of coujcse, sec the store fbrms''- again, as he has 
either made them out-iyinself, or they have been made out to his order number, 
by some accredited person. i * 

Daily Herat Sheet. — Form VI (see J^late X) gives an outline of the daily 
heat sheet, to which reference has beei\jnade already. As the number of columns 
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required for t^ie recojs i fattier d is necessary to have a sheet about 

18X7, to allow sufif lent^oom fc| t^e items included. 'rhesoVorms are most 
convenient in 4 )Ool; form,mn(f ^loull be^pt by the steel sui>erintendent. It is 
customary«to have the books mad^‘ witlf duphc.ite leaves, both bearing; the same 
number, and each pair beingjiflmbered consecutively. • 'ri/obiect of duplication 
IS that the suix?rintenden>may retain in his otlice for reference .1 ro^ orn of the 
heats produced, Vhile the top copy ^)es dailyJo the cost derk. 'bhe iteins on 
the sheet illustrated in Form VI are suiriueiuly clear wilhout further descni)tit)n. 

the informatioc required by theVost clerk (|^n»be/ill%d in by llu^ steel mokt- 
intendent before- tl^ shyet is sent to the cost odice. The coluiniffor .inalN-^s of 
material is not dealt with until the shecA is j^asseef from the cost derk to tlu; 
laboratory, ifhefe^ttie chemist records tlie analyses .iiui tiles the sheet tor 
reference. • » ^ 

5. Labour*. — In rccordin); the amount of labour (‘\p<‘ndcd in ifu' m.iiuilac tiirc; 
of steel, several ^leiliods ar^ adopted, all of which aim at acemaev and simplicity. 
If the workmen ar^ paid by “ lopna^c',’’ the price per ton and the output m tons 
determine the'TiUal amount of money a\ailable foi distriiiution riu sulxlivision 
of the dioney is made accordinj; the classes of labour (,mplo>ed, tlu-^mnidv'^ 
of shares fo« dad^man being determnu d by^ihe steel su])»rintendeni The linu? 
office clerk, who has a list (4 the Shares, *diMdes the lota*^ tonn.iec money 
accordingly when prq)aring the wages ^vlteef. 'The old im thod of K'vmg the 
leading-hand or foreman the total “tifimage mom y” eatnid hy tin ging, and 
allowing him to divide it^mong lU*e men m llie propoition lu' c ar(?l to dctermim , 
was open to much question. It was usually the foreman himsell who lx m (iiied 
most by thiS arwingemen^ • 

In addition to the share list by the time chuk, o cords are also sujiplied 
to him of the actual number of hours eadi man i> c nij)Io)c'd. In most works the 
card system of “ doc king i?^ adoplc-d, and is not only rebalile but simple. 
Whether man is employed as a pu cf-worker or day woik( r, the c In. k c luj k is 
best. The method still ado{)led in many works of getting lb.- wnikimn to 
deposit each call, a mctariieket with bis number upon it, i.s (umlKisnme and 
more subject to error than the? automatic' registering dock. 

It is not intencWi^ beie to desenbe systc ms of lime-ke<‘ping and t b. c king, but 
to illustrate how^ reliable data Kgardmg c ost of labour can be traiui; m ( llie 
cost sheet, by the means indicated, ibis c'an be done for the gangs (ii)j)lo)(1j 
on the steel plant. For the nun, however, who do repairs, and ibcn only* 
occasionally, a form upon w'hich defimle insltiic, lions arc* given is sent t« the 
foremen of the various dejiartrncnis fiorn wbu h assistance is lecpiired. '1 be* sled 
superintendeiat therefore knows all the charges made for labour against bis 
department during the week, and if they liave not iTeen aulhonsed, paynu^nt is 
not sanctioned, l^rm VI 1 gives an outline# of order, which is the auliiorily for 
a charge being made against the sle*el plant by aji oytside dcj.irimt nt., ^ 

Form Vli may Tjc in book form, e.y:b page b#mg pe rforate d and c.asily 
removable when filled^ in. The sheet need not be laigc.r than t," X 2". If a 
plimrbcr, electrician, or any man be sent to do the repair, the feuenian of *11x1 
department to wlTom the recjAst ftas been made*bas oftly to baiid^be note to 
the man he wTshes to send, and tRe maifenters ffie nuniT^er of bour^ bc^sjiends 
on the job on the same for»i, which is ultimately given Icj the timeke eper, who 
checks same and makes a charge accordingly. FaCh wc.ek, heforj; the WL«ges 
sheet is made up* the*total time s[x:nt ia each department m aid of Ptie steed 
plant is handed to the steel superintendent for revic;w and approval, 'i’he 
wages sheet is sent the cost clerk, who divides llu- amount into two separate 
items: — that actually absorbed*in stee^making, and the wages paRl for repairs. 
Should any query be made l)y the phi^)als when •reviewing the sum^mary of 
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^ts about amount of expenditure on(Jak>ufr, tWa^Aal detai^ of tiU]^ 

on item of repair can be seen from jforms VII ^sued 
m question^ and from the record of ^me^spept^bf' the r^lar fepait 
employ^ by the st^l department on duly repairs. ^ 

' . ( / ■ * . 

'■ r ■■ . 


f 

c 

syih 

To 

k B C Cb., Ltd 

be§s^mLr steel plant 

Form VII 

REPAIR ORDER 

^ Date 

Deprf.tment 

0^ 0 

f 

Please send 

i to see to 

f ‘ 

and charge 

time to No. 


/Signed 

Time takjn 

hrs. 

Man’s No. 

Signedf 



* 

f 


When workmen are employed on an hourly rate "ind not by the piece,” a 
list of the rates of pay is kept by the timekeeper for the preparation* of the wages 
sheet, and also by the cost clerk, simply ifor reference and as a means of 
checking. Among other items of labour included in the steel department costs 
is a proportionate share of the general expenses, for example— directors, 
managers, clerks, timekeepers, watchmen, weighbridgemen, yard labourers, etc. 
Such item is added as a fixed ej^pense along with other fixed expenses bf manage- 
ment which cannot be recorded separately, 

Summary of Costs.— The cost clerk is able Co prepare tht' weekly summary 
of expenditure with a minimum of labour when having, in his possession # 
confJf/oioW'ft of the materials and power Used, labour expended and steel ’ 
'produced during the week, together with details of the fixed charges for depre- 
ciation and interest on plant and the proportion of the expenses of management 
to be charged to the steel department. Form VIII (see Plate X) illustrates 
the summary sheet. As the items are only entered each week on this sheet, it 
should be kept in a suitable folder, and passed to and from the cost office for 
inspection by those conCs;rned. A suitable size for Form VIII is about 
20' X which allows sufficient rpom for the various columns, 

As accuracy is absolutely essential in costing, it is important that.the figures 
handed to the cost clerk S?r the assembling of costs should be beyond questifi^^ 
Tbe cost clerk’s duty^ is to piece 'together the information handed to him. 
Insistence upon the accuracy of all parties concerned is therefore impfS^atbre, 
otherwise the labour is in vaih* and the result^g costs are misleading. 

Tht value of accurate details of > cost, assembled in the columns of the 
summary sheet, is appreciated from week to week;^ in detecting fluctuations in 
th(i;tonnage produced anebin observing the comparative differences in the items 
of costs each week. Losses due to I^d heats, frequent ’fenevmls of tuyeres or 
linings, stoppages^ or<pther causes, can be seen at a glance, as everything whfeh 
goes to raise the weekly expenditure of any item is men^oned in the remarks 
column^ These remarks, which are recorded by the superintendent in tl» ^ 
place against the heat in^question on *^he daily h^t shee^ are transferred 
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$b(ct by aiat . •!ei||c^*Shcwtd-any ^emarb •ppetr imgubr or 
msufl&fcnt to accoui* for%e n 3 114 the expenditure, fuither^lx^mSi m 

^o^ital exemiiwtioa of the ficto conuined 
-.k kwp the principds in touch with the cott of steel 
pidd^on weekly, without hnicK expenditure of vtlualjfe time. It* i# ebo e 
wt^MrtiOn to the steel euperintendent or foreman to know that the olficUls are, 
fotlowwg the outpM and costs, giving an inocntive to still better ri-cotdu The 
weefcly inspection has also a salutary effect upon “ sUAcrs.^ ^ 

The foregoing ^thod of asseiftbling the cfsts ofm^l made by the surfece- 
D own conwrtes pfeiU^s applicable to all other presses of stehl raanuficturc, 
the forms bf ^^modified (o suit diffcreiK items of cost. 



CHAPTER' XLIX 


LABOUR -COSTS LN STEEL AfAKlNG 

r 

Comparison of Lajiour and Operattng Uosts.— rhe cost of labour per ton of 
steel produced by the various processes, togetlufr with tHe weekly outputs in 
tons, is given in 'I'able CVI. The percentage of labour to the total operating 
('osts for each output is also given, and varies from i6 J?er cent, for refining 
steel in the electric furnace, to 50 per cent, for , making smaM outputs of steel in 
,^^e open-hearth furnace. The other labour costs in Table CVt^ary principally 
23 'per cent, to 30 per cent, of the operating costs. 

The lowest Qoerahng costs rc(^f rded ;ire those of tlie lar^e Bessemer plant, 
and the next lowest, of the Talbot process. ^I'he operating costs include all 
items, except the metal and fluxes used it) the charfrp. 

TAHI.E CV*! 


Labour (Waofs ani:> Management) per ton, comijared wit.h Output 

AM) AS A PJ'K< ENFAC.K OK Ql'ERAI'lNG COSIS 


process. 

I.al>oui per 
u^x 

of sled. 

' Output 
per week. 

( )perating costs, 
exclusive of 

Percentage of 
labour to 
^otal operating 





costs. 


£ s- <4 

^'ons. 

£ 1 

% 

Crucible, coke-fircd 

1 16 9 

25 

5 3 7 

35 

,, gas-fircd 

I 16 9 

25 

3 

47 

I3e5seurr.-*^^’^tcrs, small .... 

0 5 

320 

0 16 2 

32 

# ,1 ») j) . • • . 

067 

160 

0190 

35 

* i} * »» 

076 

84 

» 0 7 i 

36 

>» J» M • • . • 

090 

30 

I 8 

31 

„ „ laige .... 

1 0 12 0 

18 

I 11 8 

38 

026 

37 ^'^" 

0 8 lol 

28 

Open-hearth furnace, small .... 

0 18 0 

. 25 

I 16 4 

50 

,, , ,, ,, medium , . 

072 

255 

I ' 2 1* 

32 

„ „ ,, large .... 

0 5 3 

50C0 

0 13 II 

38 

Talbot furuicc 

,046 

1200 

0 II 5 

39 

lUroult electric fiirnace^ refining . . 

0 I hk 

1000 

0 6 loj 

16 

,, ,, cold chyiige 

090 

• 

5 ” 

' I *9 5 

23 


During recent years, the amount of labour required to operate steel pdartTS of 
large capacfcy has been very greatly reduced 1 y tHe intioductfon^of mechanical 
charging machines, and other rfjtomatil handling devices tor raw materials and 
fuels used at the furnaces. For instance, the charging by hand of a 25-ton open- 
heap^h furnape where 70 to' 80 per cent, of scrap is used, takes from 7 to 8 hours, 
whereas a furnace of" 100 tons capacity, charged with equal amounts of liquid 
iron and cold steel 'scrap, can be charged in from i to 2 hours. 

Wages of Steel Workers.— Comparing the wages of steel workers in different 
countries it is found that Germany pays' about 20 per cent, less than England, 
and from 40 to 50 per cen*. less than'^^merica. The following table gives an 
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approximate comparKoruof paid to anen employed 

furnaeft in the threeiounfries . 


ai oj^en-nearin 


9 \\\n.E evil 


»«AID TO UPErfiHPARTH FrKNU',. M»N IN TiiK Vsnrv Kin. m.ft th* 
UM1KI> \M^*<i»KM\N\ ' 


Kind 


I’rnu i| l^i*loin 
Ir. 

hours. 


• I’lktrd St 0< 

IVi v|,'(l V,' I 


■3P'' 


Head inolter . . ^ 

First helper . . . . 0 . 

Second helper * . . . 

Crane men . . ^ . 

Charfjing-m.uhine hand . •. 

Casluig-pit mei> . * 

Steel jmurers 4 . 

Labourers handling slag and ^crap . 
Common la!)Oifttfs^ 


I.’ to I I 
*) - i.. I I - 

5 t, n, (> (, 

S O In 7 

5 • In () () 

S - to <> • 

(> tn’S 

4 0 [n () 

4 - U. s - 


20 - to^, . 

II to 1 : 0 
7 - to S • 
\2 In 1 ; 

O ■ to lu 


l.i 


.N - 


12 to I ? 
o to ; 

5 • t'* 0 


10 In 14 - 

0 • to I r 

S to (V- 
4 0 In t; 

1 I.) s*- 

I -S 10 5.S 

Utio c;.* 

4 I.) 4,0 


♦- 

‘ bulletin of the Ameiican AssuuUini| ,,[ (♦ntimKic and 1 1 id. Ih ilm, 


The description in TaW# CVfl of tlir kinds of labour, diO^is m tlx* three 
coufitrics. For instance* in the fhntcd Kingdom, hading men on tin (barging 
platform usually called ist, «nd, and ;,rd meltcis ; tlx- Inst In mg m . barge. 
In America, the setme ilien ari^ generally tailed tlx* nx Itei, ist haixl aixl and 
hand, while in Germany, the head meller is (.died the Ion man, llx; and meller 
assistant Torenian, and the others, ist, and, and '^rd nx lt( is. 

Fluctuation of Wages. •No fixi^l universal standaid of w.iges IS .'fdopted. 
Wages v*lary, not pnly in •liflcrenl ( ounlrKs, tmt m v.irioiis p.iits o( the same 
country. The Ians tha^ govern them are veiy i omjdex, lx mg inthx tx ed by 
several conditiiens, six h as,, “standard of living,” .“supply and dt mand,” 
“ markets,” etc. jhfferent systems of payment are adopted, but the worker is 
usually engaged oir“ time ” or at so mix h j)cr hour, or “ px-t e,” 01 in n, h per 
output. Fdaborate schemes are in vogue for s\ slematisin^ wag. f and siimuiat- 
ing the worker, but no finality has Ixx n reat bed in prodix mg < onlentmeift. t 
Mr. Sanders, President ol the Ingersoll-Rjnd ('o, New* \'oik, made yivesli- 
gations in different countries during tlie hitter end of 19 ii, K'j.'irdmg wages paid 
for labour. He states/ that \>Jiile the jirx e of me( h.mx ai labour in the I nited 
States has ?too8 comparatively still, or has niajle hut a modi rate a^vaixe 
during the jiast 20 years, the prx e of similar labour in (1( rmany ai^d l.ngland 
has increased at least 100 per (ent. Mee^amcal labour in ( xjiiDany, which is 
to-day one-half that*of the United State^ was onc’^piarter* 20 yiars^ago. 'I’lih 
value of German labour is steadily incrci^mg, and at a moie rajiid rale tli.Ai the 
price pf labour in Ivft^laml and Ameri(.a. , 

With reference to tjie du^tuaUon of wages in^cnglaBd, Mr George II. Wood,’ 
showed how'^he Shtfheld and cljstrii.t 'irages h.-^l Hue li:*i((-d from 1906, 

in the iron, coal, and engineering trades 'Faking the wagrs value in 1883 at 
100 for the four classes of labour given in Tal)le#(A' 1 1 1, ilie Huctiiatioi^s are 
indicated by tht rist^and fall in the nun^hers for ditlerent*years., ’* • 

• 

* “Irori Age,” 1912, Feb, 29, p. 522. ^ • 
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LIQUID STEEL 


TABLE cyiy 

Fluctuation in Siikffikli) and^JPistkict Wagks from* i840-I9C^ 


•V . ^ ^ 


Year. j 

Piiddlcrs. 

1 Coal hewers. 

Building • 

F^ngincenng. 

1H40 i 

/ 87 

’ f- 

N 67 , 

_ 


1H55 

^ IC5 » 1 

86 

86 

- 73 

i?6o 

100 

82 


* 73 

1874 

1 '45' 

* 3 ^ 

lot 

94 

IS77 

loj 

96 

108 i 



100 

*1oo 1 

100 

'loo 

1886 

96 

91 ; 

«VOI 

* 100 

1891 

100 

127 

105 

lOI 

1900 

128 

*33 

116 

107 

I90O 

113 

1 18 

116'- 

*108 

« 


the wages for jHiddlcrs were higher than in 1006^ while in the 
engineering trader the^' wages hav^-^ steai^ily increased from*' 73 in 1855 to 
108 in 1906. , ' * 

Wages and Coat of Living.— From invcsri^ati( 5 .i^ ^ made as to the cost of 
labour and living in Germany, and from similar 'investigations made in 
England by tlie Board of 'I'rade, the following intereslipg ‘figures are 
given ; — 


TABLE C 


Wac.KS TAIl) IN EnolANO AND WaI F.S AND GERMANY. 







Ratio of mean 


Picdonu 

laiit r.innc of weekly waecs in Oi_tol> 

er, 1905, in 

predominant 

Trade 





wage in Ger- 


„ 



— - -- — 

many to mean 


Kngl \nd and 
Wales 

r 

Germany. 


predominant 
wage m England, 





taken as too. 







* 

f 


Hl^;llcst at 

I owest at 


Enin fueii till- - 

Avcra^:t. 

Average. 

Essen. 

Chemnitz. 


Fitters 9 , ^ 

32/- to 36/- 

26/- \ ^ 32/- 

30/- to 39/- 

21/- to 24/. 


Turners ^ 

32/. to 36 

1 VI !- 33 /- 

1 32/6 to 39/- 

24/- to 26/- 

88 

Smiths 

32/- to Av- 

i to 33/- 1 

30/- to 36/- 

i 25;- to 27/- 

90 

PiitAcin makers . 

34/- lo 3V- 

1 25/6 10*30/- ] 

1 27/- 

1 2$/- to 27/- 

77 

I^abourers . . 

18/- to 22/- 

18/- to 22/- 

20/- to 23/- 

1 

i It,/, to 17/. ! 

1-^ 

100 


At the same peiiod| the aVbrage number’ of hours per week in England 
was 53 against 59^ in Germany, or 12 per cent, higher in the latter. 

Comparing the commodities used by the same classes of ^people in both 
countries. Tabid CX shows that the 'prices paid in Germany are, in most 
cases, 20 to 40 per ^enk-higher than those paid in England, with the exception 
of those for milk and potatoes, which arj^ lower in Germany.* 




LABpUR GCSTS'IN sfEEL MAKIS'O 


5'7 


rllLj-, CX 

Cosi OF CoMM.uy nFl,*IN LnGIANI) ami (irKMAW 



I't 


il>r% »i> Oi 1 U f, 

K ,1 |.i ol tnrao ® 


^ * 


, .11 

IM, ,1, 

Comm jdity^ 

4 


1 

Ill < 1 in*iiy l<. mr 

1 I r 1. 'ttilluil t f V* 

• 

• 

' Ko. 

On) X> • 

W Cf. 

• • 

< .t 1 itijt \ 

• 

1 1 r ngUri.t glAkPII 


• 




Sugar, whMo,*granultr(.(b jx-r lii , 

' • 

•./ 

.•1 t lo t • 

• It) 

1- s 

Butter, per Ih. . • . 0 

1 

'1‘ 

1 t.>1 -i 

Potatoes, per Ihs 


t,. p / 

:\i. ^ 

.ss 

Flour, wlieatcn, ^er 7 Ihs . 

Milk, per quart • . 

'' 1 

I.) 10 / 

11 / (M 

I }lt 


1 , 


7s • 

Beef, per Ih. • ^ . . . * 

1 7 W. 
» U 

to S t / 
to (>.' " 

:i' 

• 

1 ;ji 

• 

Mutton, per He ... . . 

i:b«' 

• ) t./ 

U) «>‘/ ' 
t‘. V/ ’ 


• v>7* * * 

Pork, per lb. . • 

%' ' ' 


• (0 Ilf' 

1 j ^ 

Bacon, per It) . . . . . • 



!,> I 1 ’; 

1 a t 

(?oal, per cwt. ... 

• 1 f 


1. ?/ 1 ‘ 1 1 


Paraffin oil, per gallon* , . 

• 7 >' 

'0 S /' 

.,c t‘. 11 

1 ; , 

• • 

/ 


• 


• 

‘^Colonial, <ir fouign ni' 

1 1 > ini'.h 


|.| 111 ~h <>l 1 1 ‘ HK k 1 

i'l ‘1 


• * 1' • i/ii oi <. • ’! ‘Ill 1 1 

• 

The jrents of w()rknien\s dwcllinj^s m (l(ii.).inv nic about the iu)( ns id 
En^dand, namely Iwo rooms, to jr t)./. [k r \\( < k, t' 6./ to p i; / lot iliree 
rooms, ^nd 45. yi. t<) f)j. for tour ro(^is. ^ 

'Taking th(* v^nnous fto'us into ('onsidnation, it is islimatcii lb. it in the 
Gernwn engineering aiuT'^lupbuildiiiL; ir.ub s, tin- vk.i;< s p.iid per bom .iiiiount 
to about 75 IHii* Cent, of llie T'mglisli latc, and llu, » osl t)l r* iit, looil, ai.d InrI, is 
nearly 20 per ceiV’y;reater 

The United States and Canada - -brom jicrsonal mvrstigati^n s( v< lal of 

the steel manufacturing ( entres in the I’nitdl Mat( s amTt .mada diinii^ if*3i 
we found the following rates of labour and living 1 abli* ( \I gives lh<- tales^if 
pay per day in the Slates and Canada, whirc a lobuur day is^in voyue for 
most workers, cxccjit in steel depailiULnlb where the shilts an almost < nliiely of 
12 hours’ d;,’rati^n. • 

With reference to tne ( ost of living, tin- folhfwing rommodilies r os/about 
the same in the U.S.A. and Canada as in l^ngland lea, eggs. buU< r,»imlk, flour, 
potatoes, beef, mutton, bacon, U>ots, and ^oal^, ^rloihiyg apyroximalel^ 
times dearer. "Kent is from tunes to tw*c the amount jaid m this 
country, for corresponding comforts An unmarru d,workin ; m.in tan !)oard 
and Kxlge comfortably in the States or in Canada on from 15^ to 2o». |>er 
week. Genj^ralfy, the* cost •of ’»ving in the US A. amd Canada •on the same 
scale that the workers live in Enj^land iS about i>er (!cnt. higher^ • 
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TABLE 

Wages in the U^S.A, Ind Canada 


1 KiffJ of labour. 

. I'.S-V 

Cl 

Canada. 

© 

Engineering— 

f 

Per day. 

Per d.ty. 

Fitters (mechanics) .... 

12/- to 13/- 

12/- to 13/- 

Turners , . . , ' . 

Machinists . . . 

12/- to 13/- 

12/- to 13/. 

7/- to 18/. 

12/p to 14/- 

automatic /youths) . 

6/. to 8/. 

0 

Machine plate workers . . . < 

13/- to 20/- 

— 

Labourers, common .... 

4/3 to 8/- 


Steel and iron works— 


Blast^^furnacc charge hand . . 

11/6 to i-2/6 

— 

,, ,, second hand 

10/- to II/- 

— 

Labourers 

6/- to 7/6 

• — " 

Opendicaith furnace — 



Mcdlor 

20/- to 24/- 

20/- to 24/- 

First hand ... ... 

11/6 to 12/6 

n/6 to 12/6 

c Second hand 

7/- to 8/- 

8/- to 9/- 

Laliourcrs . » ... 

5/- to 6/- 

5 /- 1? 6A 

Cranenv n . . . ... 

r \ll() 

12/6 

C bargemen . 

10/- 

10/- 

Bessemer converters - 



Char^je hand 

14/- to 16A 

— 

Converter men 

loA to i! 3 /- 

— 

Laliourcrs 

6/- to 7/6 ” 

— 

Electric furnace steel making— 


» t. 

First hand 

22/. 

c — ‘ 

Second hand 

'■tA 

— 

Thiid hand 

8/6 

— 

Draughtsmen | 

50/- to 100/- 
1 (per week) 

50/- to 100/. 
(per week) 

Pattern makers 

r iv- to 15/: 

12/. to 15/- 

Mouhlers 

10/6 to 14/- 

lo/C to 14/6 

Core-makers 

10/6 to 14/-* 

8/6 to n/6 

Grinders . . 

8/6 to 10/6 

8/6 to 10/6 

Finishers 

10/6 to 12/6 

10/6 to 12/6 

Buffers and polishers 

— 

10^- to 11/- 

'T. >.n nachinists 

9/- to 12/6 

10/6 to 12/6 

Tool makers . 

12/- to 15/' 

10/6 to 12/6 

Blacksmiths, light 

I 1/6 to 12/6 

1 1/6 to 12/6 

,, heavy 

14/- to 19/. 

14/- to 18/- 


The usual hours for work in the Canadian factories arc from 7 a.m. to f' p.m. 


The United Kingdom, the U.S,A., and Germany.— From the foregoing 
facts, it is evident that the German worker ie paid less for his labour, and has 
to pay more for his living^- than the ^British workers. There are exceptions. 
The “common labourer, for example, in steelworks, is paid about the same ih 
Germany as in England, and only a little less than in the United States. 
The spendirg power, therefore, of the British ai.d German ivorker’s wage is 
equal, if viot, slightly beUer tham4lje American^. On the other hand the higher- 
paid steel workers, such as the leading melters on open-hearth furnace plants, 
whei], living pn a corresporlding scale, are more favourably placed than their 
fellow-workers of Germany and the United Kingdom. 

The efibrts which a,\e being constantly made to adjust the earnings of the 
workers to make the standard of living and wage-earning ca^^city comparable, 
will be more readily accomplished by a tf;'^tematic classification and valuation 
of labour. ^ * 
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OlajBifl^ion of 'LaUbur.^Im siF branches* of labour, the necetsity for 
rightly valuing and sAndarTlising kind of labour has been* rccogniu^d and 
put into pra^ico *for nftin)f jearH I|*addiiion to the two main divisions, 
“ skilled '^and “ unskilled,", many subdivisions of labour naturally suggest them- 
sel>^s, •according to,the tra^e\mder*considcraiu)n. >n scjfie tradt tin- work of 
classifying is more diffictflt than in oiliers, but^ in every case it jnow s tic^iehcial 
to employer and employed. Ihe i'rade I’lwons have matle ilieir own classi-* 
fication, and jn some cases have control h^tlie \alue of each t^iss ol, 

labour. • ^ , 

In the GovetnrSent^factories of Hnt.un aivd .‘\^u ri< a, and m* Km|H) s•^vork^ 
in Germany, is well as in large works 11% our own country, such as the Hadficld 
Steel Foundry Co»* Ltd., Shetlield, stnnd.ardisation of labour has lin eifectisl 
with beneficial results. For instame, dunng rectmt )earstnour own Govern- 
ment factories, the classification and value of labour li.as bfen thoroughly 
standardised uifde^the direetion of the chu f supcrintciidcMt, .Sir H F. ])on.ikl' 
son, K.C.B., the oisult being tjiat while lu iter wages ar<‘ paid, more' work* is 
done, with a greater degree of efhciency and at h's^ (ost. 

What has been accomplished ^n tleleinunmg the tiue value of eac|) Jiind of ‘ 
labour in the*vaitous branches o( the Oidi^^nce h'.K loriis, is now lx mg < .iTiicd 
out by the United States Govt*nmenFin iheV investigations iflto tin* eonditions 
of labour in the st<^el industry of tlie Uniied States. Sidney G, Koon* gives 
an interesting accouift of^^e se^ of*in\esiigations nuule m a hirgc stcelwiirks 
at Pittsburg, from widely the jvaiKiculars ot labour on open luaith luni.ues are 
given. 

Labour on 0 pei^-heaUh Furilacea. 'I'his is classified ns “ liard," “ medium," 
‘Might," and “observation," aif^l uiulci tlx se Ixsidings is gi\in ihe adiial 
number o^ hours each man ^as enijiloNed dm mg the peno<i uiuh r < oioider-Uion. 
'I'he movements of nine mcn^ op( r.itmg the ojien be.irlb juin.ut* were ^tudied, 
and the .times recorded stop-watches giv^ ilu a< tu.d lime ea<h man w''** 
working and idle. • ^ 

• • 
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worker compared with tl»t of ttiose engaged in oilier cl 

* “ Iron Age,” Fcf? f, I9I2» •• 

• The locomotive engineer and brakemaij ar% grouped as one 
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510 LIQUID SiTEEL 

the long hours ^ of the open-hearth furna(^e rw Aker, ‘ and the intense heat to 
which he is subjected. Nearly every steelivolks runs a i2*hour shift, anS open- 
hearth furnace men when “ fettling ” tlic furhace,tfott6m between the charges, 
are exposed to an almost unbearable fieat. , The observations recorded in 
Tables CXII and CXi/(I wtre made during (he first jo days of AMg., 191'!, uid 
♦out of the 48 hours noted, the .actual time taken bj^ ^he ist, 2nd, and 3rd 
helper^ in fettling the furnace bottom was 9 ^lours 34 minutes, or jg '6 per cent. 
»'rhe ist helper was watclicd for 33 .hours, the stripper craneman. for 30, while 
the »:harging machine of^efatol, fie 2nd and 3rd helpers, ladle craneman, and 
steel f/ourer were watched for/48 consecutive hours. The following subdivision 
of labour was^made in percentages of th^* total working time:—. 


TABLE CXIII 

iNThNSlTV OF WORK 



1 hard 

Mtdium, 

i 

Light 

Observati*jn, 

1st liclper . /' 

i 32-/ 

•7*4 

11 

28-9 

2n<l 

72-8 

19'6 

7 -6 

— 

3rd ,, 


L3*5 

, l'6‘6 

— 

r 


f » 



Mo.'in. for llic 9 men in T.ible CXfl 

j 30*0 I 

6*1 1 

62-2 

. n 


The terms “ hard,” “ medium,” “ light,” and “ observation,” as given in the 
investigation, no doubt served the object the investigators had in view', but they 
are soiiiewhat vague when generally used for cliiss»rying labour in steelworks 
without some qualification. For instaiK'e, the cranemlin’s dutjes are reierred to 
as being ‘Might,” which term maybe all right whep' compared only with the 
jihysical labour in fettling the bottom of an openUiearth furnace, but one can 
easily conceive of his duties being “hard” in the sense of mental strain or 
exhaustioo- .if operating a difficul: crane in a shop where clofids of fumes ascend 
an/1 hang around the 'crane cage. 

‘ Thin again, work is “ liglit ” or “ hard,” according to the rate of output and 
the ajiility of the worker. In spme steelworks we have witnessed the same 
operations performed by hand at twice the rate as in other steelworks. The 
human element accounts for the difference, and is always a determining factor, 
whato/er the classification op valuation of labour, and therefore inriuences the 
wages of t)je worker who is employed on piece-work. 

Hours of L&bour for Steel Workers.— Most of the steel workers on con- 
tinuous operating furnaces', ate emplojyed for 12 hours per shift. This is a 
comiVion practice in Britain, America, and Germany. In America the plants 
are usually kept going constantly until repairs are necessary, the hours ^eing, 
for the day-thift, from 7*a.m. tj 5 p.m. during^ 6 (lays of Ihe week (making 60 
hours), a/id ior the ni^t-shift,,commobicing .Sunday morning aC 7 a.m., and 
working 24 hours, and for the remaining 6 days froni 5 p.m. to 7 a.m, making 
108 hours. The men workvdternately night and day shifts. 

p'or some' time a vigorous movement^ has been carried oti agamst the seventh 
day’s labour and tl^e 12-hour day. Mr. Chas. M. Cabot, of Boston, has been 
influential in bringing *^about reforms. Other ♦‘Worker's have proved that an 
8-hour shift c^ be successfully run on ^ppen- hearth plants? Mr. R. A. Bull* 

‘ American Foundry .r.cn’s AssociaU<,n, Bufiajo Convention, Sept., 1912. 



LABOUR CQSTS^IN STEEL MAKISCf 5 ^* 

states that at the Comnfcnwaftltk %tcel Co/s o^>en hearth plant, the w*hour 
shift hSs been abanfloned^ and llcg8-hour shift substituted. ^Fiic shift hours 
under the old* plaii were ^ afti^. to^ j' t^Tand 6 to 6 a. in. ; under the now, 
7 a.m. to^3 p.m., 3 p.m. t^ 11 pan., ofid 11 p.rn. to 7 a. in. The ehan^;e 

on«thd first day of pch we^k^. Frflin the results re» f>rdej^ a s,i\in^ ufs t iteeicd 
by the change, althou^ the hourly wages of tlie workers W( re yiuVised hy^ 
from 14 to 22 per cent. C'ascs aie on rciii>id where men, rde.isetl Iroin the 
seventh day’s, labour, have sought and oht^c'd einj>lbyineiU elsiwvhere on the^ 
idle days, ap[x?aring on the pay-sht‘et ot .inof^trHini ihulc r auiUlu r n.iine ^ 

We believe iftat ^y tlu* general ahandi>Mm^‘nt o| sti t 1 manul.n tyre on 
Sundays, and the einployrnenl only%)t labour intess.uy for himu<’ plant 
attention, tlfb wonifbr w()uld give mo*e etlieient scrviei* without afiy l>^s to the 
employer. 
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Tool Steel, analyses of, III, II2, 113, 1 14. 

carbon and hi^h-spced, 106. 

charges, composition of, 108, 109, 472. 

- — comfarisons of cost of carbon and high- 
speed, 109, 484. % 

cost of manufacture, Hob. ' 

usefro^ 1^0, III 

^ools usea at crucible furnace, •jt. , 

Triple)? process, 414- 
•Tropenas converter, * 39 / • 

— “ baby,” converter,^ 23). * t 

V hlowingtingle, 139. ^ 

- ' - drop-bottom, I 40 y • 

Truck lor rcrncr/ing convener bottoms, 168. 

TrunnlOlf'bewibgs for^converters, 147. ' 

Tungsten nickel, ana^yos of, 49. 

ores, analyses^jf, 4b. 

Turbo blowing engine, 175. » 

'lufeere blocks, for comeileis, 153. 
Tuyeres for converters, 147. 

Union Steel Co.’s^o.-iif plant (U.s. y, 

Unfied Kingdom, coal production, 34. ♦ 

cost of eomniodnu'S in, 507. 

- - cost of \ f mg if , 506. 

- output of ingots, I. 

- production of pig non and steel, II. 

wages in, 505, 506 

U.S.A., Hessemer practice. See 
Pi ocess. 

coal production, 34. 

cost >'f producing Bessemer pig iron, 16. 

- -- impoi Is of Haors[i.ir, 3 t' # 

output of ingots, 1. 

-- output of ore, [iig iron and steel, 10. 

- output of steel, 156. 

~ - production of jiig iron and sleil, ll. 

wages 111, 505, 508. 

Uses of, Bcssemei steel (.aslmgs, 2^5. 

- coal, 34. ^ 

— -^cru^'l)le steel, 110. 

- elecliic steel, 472. 

iro|» 01 es, 10. f 

magnesite, 24. 

steed, 402, 403. 

- to^l steel, 1 10, 1 1 !• ^ ^ 


Vc.lves, opefAling convd.ter, 149,^^99. ' 
— non-return and relief, convertei, i 

1 ‘/S, * 99 - ' , 

G-ll. furnaces, arrangement 01,^310. 

_ . - dimensions of, 295. * 

-y- - tv pes of 

Blair, 315 ' '■ 

Dyblic, 315. 


t^Arljaienn, lerro, , 
j " le, ana%’sis of,* 
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- de|l.)Si4i; o^f, 
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I Wa^es and Cost of living, 506. 

' Wages, ba^ic Jtessemer process, 179. 

j[kiiisli, 504. V 

crucible furince, 78. 

i electric furnacg, * 

' *lluctuation off 505. , 

Germany, 504. # . « 

-A_onO.-H jilanis, 370, 3S6. 

on Tai<)ol furnace^} 39S. , • 

; steel workeis’, 504. 

I U.S.A. and Canady 5Cf8. 

i Walrand converter, 135. 

I Wateryjooled, doors furnaces, 306. 

electrodes, electric fcirr.ficcs, 45 **^ 


frames, () -H. furnaces, 306. 

- U.-II. furnaces|20^. 

Water g{[S, 353- . 

' — itaiion to crucible fui naces, 00.^ 
V/edding, on durati^m of converted blow, 
n;o. - 

liipe us^, basic Bessemer process, 190. 

number® of* hea'.s, converter bottoms, 

Weighing, c;«pola uietaT for converters, 
ii V 

' --*ravv nu^rials for cupolas, 20^, 

- — st(‘el frcmi converters, 214. 
Wellmap.o.-ll. liltmg furnaces, 284, 285. 
Whiting cupi^a charging machines, 144, 

145 - 

Wilson gas j•mucer, 335. ^ ^ • 

wind che^, conveners, I< 5 , 148. 109. 
WitherOW converter, 137. 

Wltkowitz, basic Bcsjcfiur charges, 155 . 

duplex pioces", 266. 

Witthofft convertei, 136. , 

WOOtZ steel, 54 - 
World’s coal production, 33. 

- — output of chromite, 2O. 

out})Ut of steel ingots, I. 

prof.n.tion of petrol, ^ 

- production oj pig iron and steel, ll. 

- reserves of iron ores, 7. » 

Wust and Laval, on chaiges, Besse^i^ 
|)rofcss, 192. 

■ beat measuremeiil, Bessemer process, 

12^ 


Fischer, 3 1 5. 
KWkham, 'jio. 
Mushroom, 310. 
Schild, 3i2.»‘ 
Siemens, 310. 
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Yield (V iron ore, /. 
Youngstown ^heet 
I 5 « * 59 - 


& Tube Co.j^.S.A 


7 <enzeS surface-blow n converter, 23^* 
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